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INVESTIGATION OF WARM-AIR FURNACES 
AND HEATING SYSTEMS 


I. GENERAL STATEMENT CONCERNING THE INVESTIGATION 


1. The Cooperative Agreement.—This Bulletin is the second re- 
port of progress under the present codperative agreement* between the 
National Warm-Air Heating and Ventilating Association and the 
University of Illinois for an investigation of warm-air furnaces and 
furnace heating systems. The agreement was formally approved in 
August 1918, and the research work began in October of that year. 
A first ‘‘Report of Progress in Warm-Air Furnace Research,’’ Bulletin 
No. 112 of the Engineering Experiment Station, has already been is- 
sued and was presented to the Association at its annual meeting in 
Columbus, Ohio, on June 11, 1919. A special bulletin, ‘‘The Emissivity 
of Heat from Various Surfaces,’’ Bulletin No. 117 of the Engineering 
Experiment Station, was presented to the Association at its annual 
meeting in Cleveland, Ohio, on April 21, 1920. In addition to these, 
two special reports have been made to the American Society of Heat- 
ing and Ventilating Engineers on the subjects of warm-air furnace 
testing.t 

The present bulletin deals principally with the work accomplished 
since April, 1920, but in addition to this reference has been made to 
material contained in the earlier bulletins, and some of the more im- 
portant results of the earlier work have been repeated in this bulletin. 
In such eases references to the previous bulletins are clearly indicated. 


2. Objects of the Investigation—tThe principal objects of the 
investigation are briefly stated as follows: 


(1) To determine the efficiency and capacity of commercial 
warm-air furnaces under conditions similar to those existing in 


* See “Report of Progress in Warm-Air Furnace Research.” Univ. of Ill, Eng. Exp. 
Sta., Bul. 112, Appendix II, pp. 61-63, 1919. 

7 “A Report of Progress in Warm-Air Furnace Testing at the University of Illinois,” 
Journal of American Society of Heating and Ventilating Engineers, Vol. 26, No. 2, March, 
1920. z 

“Proposed Furnace Testing Codes for both Pipeless and Piped Furnace Systems, as 
Developed in the Warm-Air Furnace Research Work at the University of Illinois,’ Journal of 
American Society of Heating and Ventilating Engineers, Vol. 27, No. 2, March, 1921. 


9 


10 ILLINOIS ENGINEERING EXPERIMENT STATION 


actual installations, with leaders, stacks, and registers, to form 
a complete system. 

(2) To determine satisfactory and simple methods for rat- 
ing furnaces so that the proper size and type of furnace can be 
definitely selected for the service required. 

(3) To determine methods of increasing the efficiency and 
capacity of furnace heating equipment, and the advantages or 
desirability of certain types of design. 

(4) To determine the heat losses in furnace heating systems 
and the value of insulating materials as affecting the economy of 
the furnace, or the leaders and stacks, and finally of the system 
as a whole. 

(5) To determine the proper sizes and proportions of 
leaders, stacks, and registers supplying air to first, second, and 
third floors. 

(6) To determine the friction losses in cold air or recireu- 
lating ducts and registers, and their proper size, proportions, and 
arrangement or location. 

(7) Eventually, to make a study and comparison of outside 
and inside air circulation as affecting the economy and operation 
of furnace systems. 


In addition to these, the original objects of the investigation, there 
has been added the investigation of ordinary gravity type furnaces 
operating with small motor driven fan units. Such units are not 
intended for continuous service, but will merely serve to accelerate 
the air flow in cold weather, and temporarily to increase the capacity 
of a gravity system. It should be made clear that this work with 
small fan units does not include, at present, the more elaborate ‘‘fan- 
furnace’’ systems which are installed in large buildings to provide 
for both heating and ventilation. 


3. Discussion of the Problem and Methods Employed.—It should 
be noted at the outset of this discussion that the fundamental ideas 
involved in the methods used in this investigation, as well as the 
furnace plant itself and its essential features, were developed and put 
into operation by the Department of Mechanical Engineering of the 
University of Illinois in the spring of 1918. This preliminary work 
soon developed the fact that very little could be accomplished in 
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the investigation of warm-air furnaces and furnace systems unless 
the furnaces were operated under the natural gravity flow conditions 
which exist in the actual installations. The research aspects of the 
problem then became very definite, and may briefly be stated under 
two general heads: 

1. The exact measurement of large quantities of air, flowing at 
very low velocities, under extremely small heads, but at atmospheric 
pressure, and usually at high temperature; this measurement, more- 
over, must be made just as the air enters or leaves a register face, and, 
in piped furnace work, at a number of widely separated register faces, 

2. The exact measurement of the temperature of air flowing over 
hot metallic surfaces, at points where the temperature measuring 
element is in fairly close proximity to the hot surface; this case, also, 
requires additional temperature readings to be taken simultaneously 
at many points. 

These two problems have occupied the research staff almost con- 
stantly since the work began. The first problem has been solved by 
an indirect method, using anemometers and an elaborate calibrating 
plant. The second problem has been solved by the use of thermo- 
couples and a potentiometer, after calibrating all couples in position, 
and determining the correction for radiation for each couple exposed 
to hot surfaces. 
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Il. Summary or Principat REesuuts To DATE 


4. General Classification of Results—Any discussion of the re- 
sults so far obtained by the furnace research staff can be divided 
naturally into two parts, the first dealing with the special apparatus 
and methods that have been developed for doing the testing work, 
and the second with the actual performance data obtained from the 
tests which have been made on various kinds of furnace equipment. 

5. Special Apparatus and Methods—The measurement of air 
velocity and the temperature of air under the particular conditions 
existing in warm-air furnace heating by natural circulation has re- 
quired the erection of full-size plants operating under actual condi- 
tions and the development of special testing equipment and methods 
which are briefly outlined in the following paragraphs. The itemized 
list of results here given will also serve as a general index in finding 
most of the information given in the bulletin. 


(1) A complete three story furnace heating plant with 10 
leaders, stacks, and registers operating by natural circulation on re- 
circulated air has been erected and is now in operation. (Section III.) 

(2) A complete pipeless furnace plant of the single register type 
also operating by natural circulation on recirculated air has been 
erected and is now in operation. (Section IV.) 

(3) Methods of operating these plants under uniform condi- 
tions, using any solid fuel, so that reliable test data may be secured, 
have been developed and perfected. This includes special tempera- 
ture regulating devices operating by automatic draft control, which 
have been found of-prime importance in this work. (Section V and 
VI.) 

(4) <A satisfactory method of making accurate measurements 
of air temperatures in close proximity to hot furnace castings has 
finally been perfected. This involved the determination of the radia- 
tion effect of such castings on small thermocouples, the measurement 
of the castings temperature and the development of an air tempera- 
ture-rise indicator of great sensitiveness. (Section VI.) 
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(5) Methods for measuring the true amount of air issuing from 
register faces at low velocity have been perfected for both piped and 
pipeless furnaces. Similar methods have been developed for checking 
the amount of air entering a furnace at the same time. (Section IX.) 

(6) <A positive and fundamental method of calibrating all air 
measuring instruments used in this work against weight of air, with an 
accuracy well within one per cent, has been developed, and is always 
available. (Sections VII and VIII.) 

(7) A special manometer reading directly to 0.001 of an inch 
head of alcohol has been developed and four of these gages are now 
in use. (Section IX.) 


6. Performance Data and Results Obtained from Tests—The 
tests so far run have covered a wide range, and include not only tests 
on the main plants, but also tests on much of the auxiliary equipment 
used in furnace heating. 

(1) Complete testing codes for both piped and pipeless fur- 
naces have been drawn up, tried out in detail, and are now before 
the American Society of Heating and Ventilating Engineers. (See- 
tion V.) 

(2) The measurement of air temperatures across an air stream 
such as that flowing in furnace leaders or stacks has been made, and 
the differences between the air and the pipe temperatures accurately 
determined. (Section VI.) 

(3) The heat loss from a pipeless furnace has been determined. 
(Section X.) 

(4) The heat insulating efficiency of most of the commercial 
furnace pipe and casing coverings has been measured. (Section XI.) 

(5) The investigation of the relative value of solid and slotted 
fire pots has been begun and results with furnaces operating on hard 
and soft coal obtained. (Section XII.) 

(6) The application of small fan units to ordinary furnace in- 
stallations has been made one of the objects of the investigation and 
the results of the preliminary investigation are included in this report. 
(Section XII.) 

(7) A study of the proper proportions for leaders and stacks 
has been made, and the air carrying capacities of leaders and stacks 
with varying relations of cross sectional area have been ascertained. 
(Section XIII.) 


14 ILLINOIS ENGINEERING EXPERIMENT STATION 


(8) The effect of one type of register grille on the air delivering 
capacity of a pipeless furnace has been determined. The study of 
register grilles in general is now in progress. (Section XIII.) 

(9) The effect of height of register above the furnace, and the 
air temperature at the register, on furnace or leader capacity has also 
been determined for the piped furnace. (Section III.) 

(10) Typical performance curves for both piped and pipeless 
furnaces, showing the relation between combustion rate, draft, heating 
capacity, air temperature at registers, and efficiency, have been ob- 
tained. (Sections III and IV.) 

(11) Comparative tests of a pipeless furnace operating first on 
hard coal and then on soft coal have been made, but complete per- 
formance curves on soft coal are not yet available. (Section IV.) 
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Ill. THe Preep FurNAce PLANT 


7. General Description of Plant——A general view of this plant 
is shown in Fig. 1. A comparison of this figure with Fig. 1 of the 
previous report* of progress will show the following modifications 
in the equipment. For sectional elevation and plan of this plant 
see Figs. 3 and 4. 

(a) The main switch board and the instruments (Fig. 2) for 
reading temperatures have been moved from the first floor of the 
plant (Fig. 3) to the main floor of the laboratory. (See Fig. 1 at 
right hand lower corner.) This change gives a much steadier mount- 
ing for the instruments, and also makes it possible to use the switch 
board for temperature readings on the other two plants as well as on 
the piped furnace plant. 

(b) A special closed calorimeter tank, a, (Fig. 5) of the same 
diameter as the furnace and one inch high has been placed under the 
furnace for determining the radiation loss from the fuel bed or fire- 
pot to the floor. This tank is supplied with water which intercepts 
the radiant heat that would otherwise enter the floor, and thus makes 
it possible to determine the magnitude of the loss to the floor. 

(c) An open calorimeter tank, b, has been placed on top of the 
furnace bonnet (Fig. 5) for determining,the radiation loss from the 
top of the bonnet.» This tank is supplied with water and functions in 
much the same way as the bottom tank. 

(d) A black iron adjustable shield, ec, (Fig. 5) has been placed 
just inside the furnace casing so that it reaches from grate level to 
under side of radiator. Its position can be changed, by long screws, 
in order to increase or diminish the distance between this shield and 
the casing. This shield acts as secondary heating surface, since it 
intercepts the radiant heat from the fire-pot and combustion chamber so 
that this heat may be transferred to the air passing up through the 
furnace. 

(e) Two horizontal curved shields, d, of black iron (Fig. 5) 
have been inserted in the recirculating duct at the point where this 


* Report of Progress in Warm-Air Furnace Research.’’ Univ. of Ill. Eng. Exp. Sta., 
Bul. 112, 1919. 
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duct enters the furnace casing. These shields also intercept radiant 
heat and transfer this heat to the entering air in exactly the same 
way as indicated in (d) for the cireular shield. 

The balance of the main plant, including all leaders, stacks, and 
registers, has not been changed, and the original three-story steel 
structure erected in the Mechanical Engineering Laboratory is still 
in place. This structure merely serves as the working skeleton of a 
house and carries the stacks and registers which run to the various 
floors. All important dimensions are given in the sectional elevation 
and plan (Figs. 3 and 4), which show the equipment in use on May 
1, 1919. These figures are taken from a former bulletin* and re- 


* “Report of Progress in Warm-Air Furnace Research.” Univ. of Ill. Eng. Exp. 8ta., 
Bul. 112, 1919. 
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peated here for use in studying the performance curves prepared from 
three tests on this original plant and shown in Fig. 6. <A ten-leader 
plant is still in use and all stacks have been cased in to simulate furred 
wall conditions. One of the four stacks to the second floor and one 
of the two stacks running to the third floor are single, but all other 
stacks are double wall with 5/16-inch air space. The single stacks 
were made 38-inch deep instead of 314-inch in order to make them 
comparable with double wall stacks. 


8. Results of Tests—The remodelled main plant as described in 
the preceding paragraphs has not yet been subjected to a complete 
series of tests. A table of the results of five tests on the original main 
plant will be found in a former bulletin* and the results from three 
of these tests Nos. A-1, A-2, and A-3, have been presented in graphical 
form (Fig. 6). 
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Bul. 112, Table 5, p. 42, 1919, 


22 ILLINOIS ENGINEERING EXPERIMENT STATION 


9. Performance Curves from Piped Furnace Plant.—It has 
been found practically impossible to make satisfactory comparisons 
between two or more types of furnaces from a few isolated tests. In 
fact, comparisons on such a basis may prove very unsatisfactory and 
lead to erroneous conclusions. 

If, on the other hand, the results of a series of tests are plotted 
on codrdinate paper, and the performance curves of the furnace over 
its entire range of practical operation are drawn, the relation of all 
factors affecting performance is clearly indicated. Such a series of 
performance curves is given in Fig. 6 for the piped furnace plant. 
The rate of combustion is shown along the horizontal axis, and the 
various curves indicate: 

(a) the draft necessary at the smoke outlet, in inches of 
water ; 

(b) the heating capacity at bonnet in B.t.u. per hour; 

(c) the equivalent register temperature at the register faces 
based on 65 deg. F. inlet temperature at the recirculating register ; 

(d) the efficiency of the furnace in per cent, which is the 
ratio of the heat put into the air as it leaves the furnace bonnet 
to the heat value of the coal burned. 

As a discussion of a similar set of curves for a pipeless furnace 
is given in Section IV, reference to that discussion will readily show 
how to interpret the curves. 


10. Effect of Air Temperature at Register Face and Height of 
Legister above Furnace on Leader Capacity—One of the most im- 
portant results of the work done on the piped furnace plant was the 
determination of the heat carrying capacity of first, second, and third 
floor leaders and stacks. These results were given in the first report 
of progress, but they are so important that it seems advisable to repeat 
part of the discussion and the plotted results (Fig. 8) in this bulletin. 

Curves (Figs. 7 and 8) have been plotted from the data obtained 
in seven tests on the main plant,* showing the relation between the 
register temperatures on any floor, and the B.t.u. carried per square 
inch of leader pipe per hour to each of these floors. 

Knowing the B.t.u. loss per hour from any room on any floor 
(first, second, or third) and given any register temperature, using the 


* “Report of Progress in Warm-Air Furnace Research.” Univ. of Ill. Eng. Exp. Sta., 
Bul, 112, Table 5, p. 42, 1919, 
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" WARM AIR FURNACE RESEARCH 
Subject: Register Temp- ENGINEERING EXPERIMENT STATION Date: 4-29-/9. 
eratures & Btu. per 5q.in.Leader UNIVERSITY OF MLINOIS ~— NWqme: Pratt. WE. 
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value of B.t.u. per square inch of leader pipe from these curves 
(Fig. 8), simple division will give the square inches of leader pipe 
necessary to heat the room to 70 deg. F. on a zero day. 

From the data obtained in the seven tests it was apparent that 
the temperature at the registers on the second floor was approximately 
10 degrees lower than that on the first floor, or about 175 deg. F. In 
like manner, from the second floor curve, it was found that one square 
inch of leader pipe at this temperature will supply 160 B.t.u. per 
hour available for heating rooms. Dividing the heat loss from the 
second floor rooms by this value gives the square inches of leader pipe 
necessary to offset the heat loss from the second floor rooms. 
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In the same way, the test data show a register temperature on the 
third floor which is about the same as that on the first floor. From the 
third floor curve it may be seen that at 185 deg. F. register temperature 
one square inch of leader pipe will carry 215 B.tu. per hour. The 
square inches of leader pipe for third floor rooms is found as before. 

In plotting the curves the average register temperature for any 
one floor was used in each case. It was found by reference to the test 
data that there was a considerable variation in register temperatures 
on any one floor. It is, therefore, evident that the size of the pipe 
as figured may not be absolutely correct in each case. It is not much 
in error, however, and in view of the large increase in pipe areas from 
one size to the next, the error is negligible for all practical purposes. 

-It is quite evident that the design of a furnace heating system 
must be based on the B.t.u. loss per hour. from each room. This 
method of computation is quite familiar to the engineer and can be 
used by any well qualified furnace man, as fairly simple formulas 
ean be made to cover most types of installation. A later bulletin will 
cover such applications, and, therefore, no space is given to the cal- 
culation of heat losses: here. 

If, for example, it is found that the living room on the first floor 
of a house has a heat loss of 16600 B.t.u. per hour, and a register 
temperature of 185 deg. F. is to be used, each square inch of leader 
supplies 115 B.t.u. and the calculated area becomes 

~ su ra 144 square inches 
115 
which requires either one 9-inch and one 10-inch leader, or a special 
1314-inch leader. 
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IV. Tue Pirevess FurRNAcE PLANT 


11. General Description of Plant—The plant and the arrange- 
ment of equipment for the testing of the pipeless or single register fur- 
nace is shown in the general view Fig. 9, and in the sectional elevation 
Fig. 11. In brief, the plant consisted of a frame structure eight feet 
in height supporting a platform ten feet square. This platform served 
as a floor in which was inserted the register, and below this was erected 
the furnace proper. The main floor of the laboratory was used as 
the firing floor, and the platform above as the reading or working 
floor. The chimney was located three feet to the rear of the furnace, 
and was of 12-inch galvanized-iron pipe 35 feet in height. 

The furnace used in these tests was representative of the plain 
cast-iron horseshoe radiator type, without special radiating surfaces, 
corrugations, or any special devices for increasing either efficiency or 
capacity of operation. The fire pot supplied with the furnace was of 
the slotted type, but fire clay fillers were used to close the slots. For 
complete data on the furnace shown in the figures see the first page 
of Table 1. 

The following equipment was used in the tests of the furnace: 
coal and ash weighing and sampling equipment, air measuring de- 
vices and calibrating equipment for same, temperature measurement 
equipment, temperature and draft controlling equipment, draft indi- 
cating and recording gages, carbon dioxide indicating and recording 
apparatus, and a Wahlen gage. The method of furnace testing is 
given in Section V of this bulletin. 

The air measuring equipment is shown in the photographic views 
of the plant, Figs. 9 and 12, and in the sectional elevations, Figs. 10 
and 11. This apparatus consisted of an anemometer with its special 
register traversing carriage, a cold-air register cover plate with felt 
gasket and clamping screws, an air supply pipe and damper, shown 
entering the side of the casing near the floor, a motor-driven blower 
and speed regulating rheostat, a 10-1/32 inch air measuring pipe with 
its vertical Pitot tube and piezometer ring and thermometer, and the 
Wahlen gage. The blower was used to supply a definite amount of 
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air, which was measured by means of the Pitot tube and the Wahlen 
gage, and this air was then delivered to the furnace and out through 
the warm-air register. At the register, the anemometer was used to 
traverse the area and so determine the mean velocity of the air passing 
the register grille. The speed control of the blower motor made it 
possible to reproduce any desired velocity of outflow, and a calibration 
of the anemometer was made for any given register temperature. 
Such a calibration curve is reproduced in Fig. 18. This method of 
ealibrating the anemometer was particularly advantageous because 
it was done under exactly the same conditions as existed during a 
test of the furnace. 

The temperature measuring equipment consisted of thermocouples 
for reading temperatures at points where radiation of heat from the 
furnace rendered the use of thermometers inaccurate. Thermometers 
were used at such external positions as were not affected by radiation. 
A complete discussion of the thermocouple temperature-measurement 
system is given in Section VI of this bulletin. The central reading 
station for temperatures indicated by thermocouples may be seen in 
Fig. 2. 


200 220 240 260 280 300 320 F400 
Anemometer heading 


Fig. 13. TypicAL ANEMOMETER CALIBRATION CURVE 
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The air temperature controlling mechanism which operated the 
draft dampers is described in Section V of this bulletin. Success- 
ful operation of this device was absolutely necessary in all furnace 
tests, for upon proper draft control depends the rate of fuel com- 
bustion, which affects outlet air temperature, capacity, efficiency, 
and all other characteristics of operation of the furnace. The device 
used consisted of a special thermostatic element and mechanism used 
in conjunction with an electric motor for operation of the air supply 
damper and the butterfly damper in the smoke pipe of the furnace. 
Details of the device, described in Section V, are shown in Fig. 
16. The importance of maintaining constant conditions in furnace 
testing cannot be over emphasized, and a uniform combustion rate 
is absolutely essential. Since draft is the controlling factor in com- 
bustion rate it was found desirable to keep a continuous record of the 
operation of the draft dampers. The draft recorder drew automati- 
eally a chart which showed how uniform were the periods of operation 
of the dampers. Fig. 14 is a reproduction of a chart recorded in an 
actual test. The draft tube entered the smoke pipe at a point six 
inches outside the furnace casing. The draft was controlled by a 
butterfly damper in the smoke pipe, and the ash pit damper. The 
check damper in the smoke pipe was sealed to prevent any leakage of 
air into the pipe with consequent errors in the CO, reading. For CO, 
determinations a recording meter was used.* 

In the conduct of a test on the pipeless plant the services of two 
men were required, except in calibrating the anemometer, when three 
were necessary. 


12. Results of Tests—The complete data and calculations for 
the series of twelve tests of the pipeless furnace are shown in tabulated 
form in Table 1. Test No. 1 was a preliminary test following the 
erection of the plant. Results of tests Nos. 2 and 3 were given out at 
the time of the Cleveland Meeting of the National Warm-Air Heating 
and Ventilating Association, April 21, 1920. Tests Nos. 4, 5, 6, 7, and 
8, were made for the purpose of establishing performance curves for 
the furnace over a wide range of combustion rates. Test No. 9 was 
made without a warm-air register grille in place. In test No. 10 the 
fire clay was removed from the slots in the fire pot and hard coal was 


* “Report of Progress in Warm-Air Furnace Research.” Univ. of Ill. Eng. Exp. Sta., 
Bul, 112. 
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TABLE 1 
DATA AND RESULT SHEET FOR TWELVE PIPELESS FURNACE TESTS 
At Mech. Eng’r’g Laboratory, University of Illinois, Urbana, Iil. 


GENERAL DATA 


Built by, omitted Builder’s No., omitted. 
Type of Furnace, cast-iron, horseshoe radiator, slotted-pot, slots sealed with, 
fireclay except test No. 10 and 12. 

Type of Inner and Outer Casings, all galvanized iron, inner casing 1-inch air 
space, feed neck not in cold-air space. 

Type of Grates, duplex, ball-bearing, with shaking ring. 

Type of Chimney, galvanized-iron. 

Type of Register, cast-iron, two piece. 

Rated Capacity, Mfgrs., 40 000 cu. ft. of space. 


DIMENSIONS 
Teno: GIsMeLere ab MOP ce. .e clare a clelst Fa « cole s/o. sie arajey si 6.01 28 in., at bottom 22 in. 
(OTST, FARES A G2 ORO O.O10T, de a DIGIOG, 7 GIO OO EID OI eee 2.64 sq. ft. 
reMeteraO LEO LOLACASLI OW sei oa, attictevsin foie e's, 5's) -cicile: sq selec) siavsFeroucuess « ctvls ieee 64 in. 
Pia cersOLemMner (Chin M, eTObMITIAIOG weisz) c:+.010 Si e1< Gey Mists liv claeloisie le! sie wieie elev 52 in. 
SEM NCAS MOL MINTO CASINO hie crcrsseniaiateres ec cicicis + als ekereibvals siele.s 6 ove 1-inch air space 
PgIMMoLermOLETACIALOL torte ris acts aati arora oo ala cient dave ale chads sis) aiere. a(t si ooatege 45 in. 
Distance from outside of radiator to inner casing ............ 8% (mean) in. 
Pustance. between nner and. Outer CASING 727. <)lic Wises « sles vole. c ele eee ew sce 5 in. 
Distance from floor to bottom of inner casing .............. et Oe 11% in. 
Least free area across inner casing .......-...0.+-seeeee- 894 sq. in., 6.21 sq. ft. 
Least free area between inner and outer casing ...........693 sq. in., 4.81 sq. ft. 
Ratio of cold-air free area to hot-air free area ...........50.ccececesccees 0.774 
_ Throat diameter below register net ..........-.ee cece eee eee e ence eeees 28 in. 
Width and Jength of cold-air register . 2.6. .....0..00scsseeese 393% in. x 3936 in. 
Net free area of cold-air register ............esseceeeees 488 sq. in., 3.39 sq. ft. 
Diameter of hot-air register ....... Ai Sch S OO CAREERS CRO DO eae 293g in. 
Net free area of hot-air register ..............2 eee eeees 408 sq. in., 2.83 sq. ft. 
Ratio free area to gross area of register.......... cold air 0.601—hot air 0.630. 
H Ratio free area of cold-air to free area of hot-air register ...............44. 1.20 
Been G LGREE CeRNOKGED [Oley cisictemisternis ajosersivele’ » slo sists! s.cls coc 00.0 + eveleid oie.0% 00% 10 in. 


Ae MLE LLIN OV go cerate eee reals @ alcinleie ©/ATals aie\isa.visieie #\0.0\s cic sr eeip ole 6.4 vee 35 ft. 
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TaBLE No. 1 (CONTINUED) 


Test No.j/Test No./Test No 
No Name of Item with Units 1 2 3 
Dateless aes 4-15-1920|4-17-1920 
Ls, Doration of tea, Bry css v0. ccannte cwt.ecclead Caren ap oka e oloe an 
2°. Barometer, inches of Mméreury i....1/5 caine wee aie ee Seeiten cute tes 28.90 29.14 
B merit Of OOS Foiviyre aie: s rare: sine a atuselp winls' 6 isin Gets ean eater aNenah ee e Scranton |Anthraci |te....... 
Ae Binge OF COB: cic iatacs sa.ba0'v nue Werwaluies eee RNA Oe Meee alin eaten Stave pis‘le: os. shone 
5. Proximate analysis of coal as fired, per cent: 
6 BAKED BATH « .ietviel s.vw Bisse woh wy era iwieisToots a ea Te eitaraeee 
re Volatile matter i %% och oa ae oan © nic SIP Ere eT aioe ieee 
8. Mooistrre otc sie. 0 kv tin hp ten leo ce ibs ees eigktteceg aay erat adeatia 
9. Pe SO ati ror nC ire etic Sere Chee eo Memon hese Oyu 
10. Sulphur, sep: ur rately Getermined 5.4 sows an caus <alente enetonee kts 
11. Calorific = of coal as fired, by oxygen calorimeter, B.t.u. | 
Pad | RAR Tran We Or Mee ok es ee ee ee? ) 
12. Ultimate analysis of coal as fired, per cent: | 
13, Carbone eas hiss daelscaipe cov ee aed SO OL a aaa oer 
14, EE y Grower J 6 di 08) «iv le, 55.8 vis owlalh dale SaCaMiote MN aera ies 
15. ORV MO sds cigars are.o. cslpiulelviwcaipFelu ele, stanehtrteeeMMalens atetiseen Retkanw peace 
16. INTEPOROR sd ces vis tre Cegviele Gin. @ Mie aM ese een cerm tie Nie te eaktcome tee 
17. SUlpRUL : oc. colk so hasun ths acca ots, Wm aya o CM eS 
18. Moisture. sae oa cges Vad w, ag CRORES ig ha a Cee RTE 
19, BS Torcin exdix e'ora, 4 ncusrO Noman tales te Ae Fete ale 1 Le een alee 
20. Analysis of dry refuse at end of test, per cent: 
21. BER GALBOMN. zshare wins aoe chew Ms cnt Sel ate ia ates es en rete ae 
22. Volatile matter ..3:7...5< dui ons oak heiress oiaieierete Ra sein roereidtas 4 
23. Barthy matter... so 0s ncaa cake ee ae I ee weit ee 
24, Calorifie value B.t.u. ‘per THA... aed ee ee Oe 
25. Draft at smoke outlet, in. of water... a 
26. Temperature of outside air, degrees F... : é 
27. Temperature of air entering ash pit., degrees F.. Carew € 
28. ‘Temperature of inlet air at register face, dry bulb degrees Wee s 
29, Temperature of inlet air at register face, wet bulb degrees F..... 
30. Temperature of outlet air at register face, GOprb6S Bios dines cketears a 
31. Temperature rise of air from inlet to outlet, degrees F.......... 2 
32. Equivalent outlet temperature at register face above 65° inlet, 3 
Gegrpes By Grab sols. svas Sadie kiveaee a Lae cite oils Reaieeaenl 3 
33. Temperature of cold air at bottom of inner casing, degrees F. 3 
34. Temperature of outer casing opposite center of fire pot, degrees 1 F. 5 
35. Temperature of outer casing 6 ins. above floor, degrees F. . x 
36. Temperature of flue gas, degrees F..........0000 2c cece cece ees s 
37. Velocity through free area of outlet register, ft. per min, ...... 


38. Velocity through minimum free area of furnace, ft. per min. .... 


39. Velocity through minimum free area of outer casing, ft. per min, a 
40. Velocity through free area of inlet register, ft. per min......... a4 
41. Volume of air leaving hot-air register, measured at the actual 
a caapd temperature, cu. ft. per br...... ccs reeeseeeressenees P 
42. Volume of air leaving hot-air register, measured at the equivalent | 
register temperature, cu. ft. per br... 5... eee eee ede nasees : 
43. Density of air entering cold-air register, lb. per cu. ft........... : 
44, Density of air leaving hot-air register, lb. per cu. ft............. 2 
ab, aw eight of air circulated yer brylb. fis os nls cue ens eh aceon & 
46. Weight of air circulated per lb. of coal burned, Ib............... 
47. Weight of air circulated per 10,000 B.t.u. supplied i in coal, lb. . 
aoe Weighs oF GOAL fred: total, lbunss a cco ienl sine atenin eere ey 
49. Weight of dry refuse at end Of test; Sotal, IDisss scram oat wie wars we 
50, Weight of equivalent coal in refuse, een ane pierack on. ODES Sole i et 
51. Net weight of coal burned during test, Ib...........00ee eee eee’ 
52. Combustion rate, pounds of coal burned, per sq. ft. of grate per hr. 
53. Heat developed by net coal burned per hr., B.t.u............++: 
54, Heat put into air between inlet and outlet per hr., B.t.u........ 
55, Heat available above 70° F. for heating house per "hr. B.t.u. 
56. Heat ae into air between inlet register and bottom of inner casing 
MeL Hy, BGA cae vias wields cache ewe ete wee eee ee ee aa ea 
57. Total heat put into air which is transmitted by inner papi es 
‘entering air, per Gent i. stanees cee emtice 
58. Overall efficiency of furnace, per cent 2 - 
59. Carbon dioxide in flue gas, per cent............ceeeeeeceeeees 
60, Oxygen in flue'gas, per cont...i....).<c sis asiesls ey nelson Sisal eat 4 
61. Heat lost in flue gas per lb. of coal burned, B.t.u............... 
62, Heat lost by radiation anc ‘unaccounted for,"’ per Ib. of coal: 
Dorned | Bit... cis ale oc nie cok headin nein ere eros aan cna 
63. Heat lost in flue GAR, POP COMB. «Leis «Aa a wieeptttatn trae Mie eRe ieee 


64. Heat lost by radiation and “unaccounted for,’’ per cent. ae 
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Tasie No. 


1 (ConTINUED) 


eer No. eee No. 1 No. 
10-20-1920 | 10-22-1920 | 10-25-1920 


ue 8 9 
29.54 29.45 29.28 
Scranton Anthracite ('Tests 1 to 1 
BGOVES IES Wire: H5)c\c casvelallidiatso toms eave 


12 791 12 791 12 791 
62.88 Ome re |S ee aa eae 
1.76 eR 
MOC! Bas ac ita wees Re cat 
9169 9200 9600 
0.158 0.141 0.122 
pezS5.0.%.| |. S01 wey 70:60 eal! 
90.3 88.5 80.5 
CLC et 263.0 | | 247.0 
188.7 174.5 166.5 
253.7 239.5 231.5 
137.0 129.0 110.0 
900 MBI el 768. nis 
444 434 412 
202 198 188 
195 193 185 
276 274 262 


3990 3960 3830 
150.0 171.0 195.0 
118.0 134.0 152.0 
250 250 250 
89.7 90.5 98.0 
64.1 65.0 73.5 
185.9 185.0 176.5 
10.05 8.75 7.43 


44 800 38 500 27 100 


24.8 23.2 le 8 
53.4 56.1 61.0 
15.0 15.0 14.0 
4.5 4.5 5.5 

3008 2701 2679 
2952 2910 2307 
23.4 21.1 21.0 
23.2 22.8 18.0 


| 


iho? No. 
10-26-1920 


10 
29.08 
0 inelusive)|. . 


Test No. 
8 


10-27-1920 


12 
29,04 


120.2 


Test No.|Test No./Test No./Test No. 
19 #10 11 *12 
12-9-1920/1-28-1921/1-31-1920) 2-3-1921 
10 9 36 36 
29.39 | 29.40 29.60 29.30 
PAN |i Franklijn County 

pikinc seeatee ay Bitumin. |Stove Size 
50.21 
Ralim ohne’ loess 
Leet e ices 6.77 
Sear sat 48°) G 
Pree Cle vdaten tek 1.04 
12 791 12 791 12 459 12 459 J 
Selela sas lake 69.46 
reruns 4.78 
8.38 
1.38 
eneale 5 1.04 
co dovhvck 2 Odd dilation 
Bae eat a pliery at giare ee 8.19 
rege 2.54 10.79 
peek. 297.48 || 89.21 
10,500 10,600 370 1575 
0.096 O17 0.055 0.060 
768 (> 77.6) 808) | 8435 
79.0 80.4 | 82.0 86.9 
217.0 219.0 | 221.6 227.0 
138.0 138.6 139.5 140.1 
203.0 203.6 | 204.5 205.1 
107.0 113.4 116.0 
704 731 719 
240 341 339 
180 155 154 
185 160 159 
262 227 | 225 
67 000 58 000 60 250 57 500 
65 800 56 700 58 800 55 700 
0.0723 0.0718 0.0722 0.0708 
0.0575 0.0572 0.0574 0.0564 
3855 3320 | 3460 3240 
252.0 201.0 182.5 203.0 
197.0 157.0 146.5 163.0 
250 250 | 684 579 
118.8 122.2 39.0 33.0 
97.2 101.6" | 1.0 4.0 
152.8 149.0 683.0 575.0 
5.79 6.26 7.18 6.05 
195 100 | 212 000 | 236 400 | 199 000 
127 600 | 110500 = 115 900 | 109 000 
123 200 | 106500) 111 700 | 105 000 
24 050 26 800 23 250 22 600 
18.9 238 20.1 20.8 
65.3 §2.1 49.2 54.8 
14.0 8.5 15.0 13.1 
5.5 11.0 3.0 4.9 
2485 8874 2336 2775 
1956 2257 3993 2854 
19.4 30.3 18.8 22:3 
15.3 17.6 32.0 22.9 


* Slots in fire-pot open. 


+ No register grille at outlet. 
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used. Tests Nos. 11 and 12 were made with soft coal with slots closed 
and open, respectively. 

The data compiled in Table 1 were arranged in accordance with 
the Pipeless Furnace Testing Code, which is discussed in Section V 
of this bulletin. This section deals with the methods used in all these 
tests. 

It will be noted that in all the hard coal tests, Nos. 1 to 10 in- 
clusive, the fuel was taken from the same supply. The analysis given 
in the table was made from a representative sample taken from thirty 
tons of Seranton stove size anthacite coal. Analyses of the ash and 
refuse were not made for all tests. Instead the data on ‘‘Heat Value of 
Residual’’ 


(See Section V) were used for determination of the heat- 


ing value of the ash and refuse. 


13. Performance Curves from Pipeless Furnace Plant—The 
tests Nos. 4 to 8 inclusive were made for the purpose of obtaining 
complete performance data for the furnace and were the most im- 


portant of the series. 
the tests have been plotted in curve form, Fig. 15. 


The principal performance data obtained from 
These curves 
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emphasize the following factors, all of which are essential to the 
proper design, installation, and operation of a furnace: 

(a) the rate of combustion (pounds of coal burned per 
square foot of grate per hour) ; 

(b) the efficiency of the furnace (ratio of heat put into air 
passing furnace to total heat value of coal burned, usually ex- 
pressed as a percentage) ; 

(ec) the capacity of furnace in B.t.u. (British thermal units) 
per hour, which is the heat put into air passing through furnace 
per hour ; 

(d) the equivalent register temperature of air leaving reg- 
ister based upon 65 degrees Fahrenheit inlet temperature; to get 
the actual rise in temperature it is only necessary to subtract 65 
from these register temperature values; 

(e) the draft at the smoke outlet of the furnace in inches 
of water, which indicates the great importance of providing a 
satisfactory chimney if the full capacity of the furnace .is to be 
realized. This curve also shows that capacity is entirely depend- 
ent on draft for a given furnace and a given coal. 

Since draft is the controlling factor in testing it is desirable to 
consider an example of its effect. Refer to Fig. 15, and select a com- 
bustion rate of 5.5 pounds of coal per sq. ft. of grate per hour, and 
obtain the following values from the curves: 


1. Combustion rate = 5.5 pounds per sq. ft. grate per hour. 
2. Draft — 0.085 inches water. 

3. Efficiency = 65 per cent. 

4. Heating capacity = 121 000 B.t.u. per hour. 


Now assume that a better chimney is provided and that the draft is 
thereby increased. Note then the following results corresponding, 
for this furnace, to a draft of 0.155 inch of water: 


1. Combustion rate = 9.8 pounds per sq. ft. grate per hour, 
an increase of 78 per cent. 

2. Draft — 0.155 inches water, by hypothesis. 

3. Efficiency = 53 per cent, a marked decrease; but 

4, Capacity = 178000 B.t.u. per hour, an increase of 47 
per cent; and 

5. Equivalent register temperature = 252 deg. F., an in- 
erease of 25 per cent. 
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It will also be evident that high capacity from this furnace was 
attained at a loss in efficiency. In the above example, an increase in 
capacity of 47 per cent was indicated, but the increase was obtained 
by an increase in the coal burning rate of 78 per cent. It should be 
borne in mind that the efficiency of a pipeless furnace may safely be 
estimated as higher than is indicated by the curve, because of the 
large amount of heat energy radiated through the register that is 
not measurable, but is useful in heating. This has been estimated at 
9 per cent, as stated in the discussion of heat losses from a pipeless 
furnace, Section X. 

The significant conclusions arrived at by this method of showing 
rating and performance data are of the greatest value in aiding in the 
selection of the proper furnace, or in comparing two furnaces, or a 
furnace and boiler. As. an example, assume that the heat loss from 
a certain house is 170 000 B.t.u. per hour in the very coldest weather, 
which lasts for only a few hours, and that the heat loss under average 
cold weather conditions, which last for many hours, is only about 
two-thirds of this, or 113 000 B.t.u. per hour. It will be at once ap- 
parent that this furnace will handle the average cold weather load at 
very nearly its highest efficiency, which the efficiency curve shows to 
be 65 per cent, at about this rating. 

This same furnace, as shown by the rating and performance 
curves, has a heating capacity of 178000 B.t.u. when burning coal 
at a combustion rate of 9.8 pounds per square foot of grate with 
a draft of 0.155 inches water. It would also, therefore, readily 
handle the severest heating load during the winter, provided the 
chimney in the house could develop a draft of 0.155 inches of water. 

The furnace would, of course, be operating in the latter case at 
an efficiency of only 53 per cent, with an outlet register temperature 
of 252 deg. F., as shown by the curves at 9.8 pounds combustion rate. 
This reduced efficiency and high register temperature are not serious 
matters, however, as the very severe conditions last only a few hours. 

It should be noted that in the example just discussed not only has 
the register temperature increased from 203 deg. to 252 deg. F., but 
the weight and volume of air passing the furnace has also increased. 

In Table 1 may be found much data which will be useful in the 
design, selection, and operation of a furnace, such as flue gas tem- 
perature and heat loss, extent of premature heating of air in the 
outer casing, total heat loss from the furnace, air handling capacity 
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in cubie feet and in pounds, velocity of air movement at various 
points in the system, and percentage of fuel consumed for a wide 
range of furnace operation. 

Test No. 10, made with a slotted pot, makes it plain that the 
slotted fire pot should not be used with hard coal as fuel. By compar- 
ing the tabulated data of this test with that of test No. 7, in which the 
same air temperature-rise was maintained, it may be seen that the 
heating capacity fell from 125000 to 110000 B.t.u. per hour, that 
the open-slotted pot efficiency was only 52 per cent, as against 61 
per cent for the closed-slotted pot, that much more coal was consumed 
(in the ratio of 6.26 to 5.71), and that in order to maintain this extra 
rate of combustion a draft of 0.17 inches of water, as against 0.085 
inches in the closed-slotted pot, was necessary. This indicates that in 
installations in which good chimneys are not provided it would be 
difficult to burn hard coal in an open-slotted-pot furnace. 

Tests Nos. 11 and 12 were run with a good grade of Illinois 
bituminous coal with closed-slotted and with open-slotted pot, re- 
spectively. Some advantage is shown for the open-slotted pot in 
these tests. A discussion of the effect of the slots upon furnace per- 
formance is included in Section XII of this bulletin. These two tests 
were of 36 hours duration each, and the experience with them indicates 
that on account of difficulties of gaging the fire condition at the be- 
ginning and end of tests, a test period of more than 36 hours is 
advisable. For purposes of comparison between the soft coal and 
hard coal tests reference should be made to tests Nos. 11 and 7 
respectively. 

Test No. 9 was made as a check upon test No. 7, except that the 
register grille was removed in test No. 9 for the purpose of observing 
the effect of the grille in decreasing the air handling capacity. A 
discussion of this effect is given under Section XIII in the para- 
graphs on losses in register grilles. 

In Section III on the Piped Furnace Plant are shown a set of 
performance curves (Fig. 6), which will serve for comparison with the 
performance curves of the pipeless furnace. For further comparison 
of piped and pipeless furnaces the data given in Table 1 should be 
compared with the data given for piped furnaces in a former bulle- 
tin.* It must be borne in mind that the two furnaces, although 


*‘Report of Progress in Warm-Air Furnace Research.” Univ. of Ill. Eng. Exp. Sta., 
Bul. 112, Table 5, p. 42, 1919. 
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similar, were not identical in castings sizes, and any close comparisons 
are hardly justified. 


14. Proportions of Casings for Pipeless Furnaces.—The ques- 
tion of the proper proportions of the casings for pipeless furnaces 
has been given some consideration but as yet very little actual data 
have been obtained. From the purely theoretical standpoint, the air 
should be taken at the bottom of the inner easing from a large reser- 
voir of cold air where the velocity is zero. This is impracticable, how- 
ever, because air must not be taken from the basement floor, for 
sanitary reasons. Moreover, the radiation from the fire pot heats the 
inner casing of a pipeless furnace, and the air must therefore move 
over the casing surface at some velocity in order to absorb this heat and 
deliver it into the space to be heated. Any heat absorbed by the down- 
coming air, of course, decreases the capacity somewhat, because the 
air should be cold at the bottom of the casing in order to obtain the 
maximum difference in density of the air column inside and outside 
the furnace, or in other words to obtain the maximum driving head. 
Since some velocity downward over the surface of the inner casing is 
necessary, the question arises as’ to exactly what velocity should be 
maintained. 

In order to reduce the head loss through the furnace to a mini- 
mum, there should be as few changes in velocity as possible, since 
every velocity change entails loss of head. This condition is realized 
when the ratio between the minimum free area across the inner casing 
and the area between the two casings is made equal to the inverse ratio 
of the densities of the air in the two spaces. The air leaves the 
register in the average pipeless furnace at approximately 220 deg. F., 
and enters the cold air face at approximately 70 deg. F. The corre- 
sponding densities are 0.0584 and 0.0749. Hence the area between 
0.0584 
0.0749 
the inner casing. These proportions have proved satisfactory in 
practice. If the area between casings is made materially larger than 
0.9 of the free area through the inner casing, the downward move- 
ment of air in the cold-air space becomes less positive, and finally a 
point is reached where eddy currents are set up. These eddies carry 
heat directly from the inner casing to the outer casing, thus increasing 
the heat loss, and decreasing the efficiency. At the same time the air 


casings should be made about = 0.78 of the free area through 
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becomes more heated between the casings, decreasing the difference 
between the densities of the air inside the inner casing and of that 
between the casings, respectively, thereby reducing the available head. 
The eddy currents also serve to use up more of the available head 
under which the furnace is operating. How far the ratio under dis- 
cussion may be increased before eddy currents appear has not been 
determined. 

Table 2 gives the results of four tests made with the same set of 
castings encased in three different ways. 

In the first test, a furnace was used in which the inner casing 
was of black iron lined with asbestos and corrugated tin. The pro- 
portion between the cold-air and warm-air areas was about correct, but 
the casings were too small for the castings used. Increasing the cold-air 
space for test No. 2 increased the capacity. The cold-air space was 
inereased entirely too much. This resulted in the eddy currents 
already referred to transferring heat to the outer casing, as shown 
by the fact that the casing temperature increased from 111 deg. F. 
to 132 deg. F. The efficiency was reduced from 53.5 to 48.1 per cent 
by this loss of heat. The increased flue gas temperature due to the 
increased combustion rate also tended to decrease the efficiency. Ap- 
parently the decrease in resistance through the furnace resulting from 
opening up the cold-air space was more than sufficient to offset not 
only the handicap of the eddy currents in the cold-air space, but also 
the fact that the air was delivered to the bottom of the casing at a much 
higher temperature in the second case, since the capacity increased 
from 65 400 to 88 750 B.t.u. per hour. 

For test No. 3, the asbestos and tin lined inner casing was re- 
tained, but the free area on the warm-air side was made larger, and 
the cold-air space given the proper proportion of area. This raised 
the capacity to 96 300 B.t.u. per hour. The temperature of the outer 
casing was reduced to 99 deg. F. and the efficiency increased to 54 
per cent. For test No. 4, the warm-air area was still further increased 
and a double inner casing with a 1-inch air space was used. The 
capacity was raised to 99000 B.t.u. per hour. The casing loss was 
materially decreased, the casing temperature being reduced to 90 
deg. F. At the same time, much less heat was put into the air before 
it reached the bottom of the casing than in the other cases. The high 
flue gas temperature resulting from the high combustion rate neces- 
sarily reduced the efficiency to 51.3 per cent, but the furnace used in 
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test No. 4 still compares favorably with the other furnaces, and is 
much better than the one used in test No. 2. Taking all factors into 
consideration, the fourth furnace is the best one tested. 

Some work has been done to determine the proper height from the 
floor for the bottom of the inner casing. By using smoke bombs at 
the cold air face and observing through a glass window at the bottom 
of the outer casing the path taken by the smoke, it was found that 
all the air makes the turn at the bottom within a space of 8 inches. 
If the height of the bottom of the inner casing was greater than this a 
clear space was observed along the floor. Therefore, from 7 to 9 
inches is considered the correct height. This causes the air to sweep 
along the floor when the turn is made and allows it to absorb some of 
the heat which the floor has received as radiation from the fire-pot. 

In proportioning the registers for a pipeless furnace, a logical 
rule seems to be that the mean between the warm-air throat area and 
the free area of the warm-air register face should be equal to the 
minimum free area of the warm-air space across the inner casing. 
These were the proportions used in the best furnaces discussed in the 
preceding paragraphs. No attempt has been made to isolate this as 
a single factor, however, but such a practice will result in the mini- 
mum velocity change in the air flow at these three levels. 
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V. Mersop or Testing WarM-Air FURNACES 


15. Quantities to be Measured—tThe complete test of a warm-air 
furnace involves the measurement of three principal quantities. These 
are: 

(a) the weight of coal or other fuel actually burned dur- 
ing the test; 

(b) the rise in temperature of the air passing through the 
furnace casing; 

(c) the weight of air passing through the casing during 
the test. 

Since either hard or soft coal may be used in operating furnaces, 
the testing procedure must provide for both fuels. 

16. Tests with Hard Coal as Fuel.—For the tests with anthra- 
cite, a single charge of coal was used, and the firing period was deter- 
mined by the time required to burn out this charge. The fire was not 
disturbed after the last shovelful of coal was fired. In no case was a 
test continued for a longer time than that required to leave a 20 per 
cent reserve of fuel for the next firing, and in some cases of low com- 
bustion rates the length of test was arbitrarily made 12 hours. The 
normal firing period was about 8 hours. 

A depth of fuel bed of 17 inches brought the top of the bed level 
with the feed neck. This amount of coal was determined upon as the 
normal charge, and amounted to 250 lb., which was used in all cases. 

In starting a test, a charge of dry wood equal in weight to 10 
per cent of the fuel charge was first fired. This charge was allowed 
to burn for about 10 minutes, and then the coal was fired. The test 
started when the first coal was fired, and with the ash pit clean. 
In some of the earlier tests, the coal charge was divided into three 
parts. The first third was fired when the wood had burned 15 min- 
utes, the second third 15 minutes later, and the last third at the end ~ 
of another 15 minutes. Thus all the coal was fired in one half-hour. — 
In the later tests, firing ‘started when the wood had burned 10 
minutes, and continued in small amounts for about an hour, all the 
charge having been fired by the end of this time. In all tests 
readings were taken every 5 minutes for the first hour or hour-and-a- 
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half, and these readings were plotted against time, the curve thus 
obtained giving a record of progress until the predetermined tem- 
perature-rise for the test was reached. An attempt was always made 
to reach running conditions in about an hour. After the running 
temperature was attained, readings were taken every 30 minutes. 
In averaging results, the 5-minute readings were divided into half- 
hour periods and averaged for each half-hour period; these averages 
were then averaged with the rest of the 30-minute readings. 

At the close of a test, the fire was quenched by using a small 
stream of water from a hose, care being taken to direct the full 
force of the stream into the bed in order to avoid cracking the cast- 
ings. No damage has ever resulted from this practice. In the earlier 
tests, the residue left after the fire had been quenched was dried and 
weighed and a sample taken for analysis. From this analysis the heat- 
ing value was obtained, and the residue was reduced to terms of 
equivalent coal by multiplying the weight of residue by the ratio of 
the heating value of the residue to the heating value of the coal. 
This result was then subtracted from the weight of coal fired and the 
difference designated as the net weight of coal burned during the 
test. (See item 51 in the pipeless furnace code following.) The 
analyses showed, however, that practically all of the combustible in 
the residue was fixed carbon. This made it unnecessary to have an 
analysis made each time, as the heating value could be directly cal- 
culated. The residual was taken from the ash pit as usual, and very 
thoroughly dried. Since the draft was always low, less than 0.2 inch 
of water, all the ash resulting from the original coal charge should 
be in the residual at the end of the test. If W, represents the weight 
of the coal charge, A, the percentage of ash in the coal, and W the 


AW, 


weight of the ash in the residual, then W — — - The weight of 


A,W, 


i002 which W, 


earbon C in the dry residual is then — W, — 


= the weight of the dry residual. Every pound of carbon has a 
heating value of 14 600 B.t.u. Let H, = the heating value per pound 
of the coal, H, = the heating value per pound of the residual, and W, 
= the equivalent coal value of the residual; then 
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The net weight of coal burned in test = W, — W,. 

It is believed that the error in using this method is less than the 
combined error of sampling and analyzing, since it is rather difficult 
to obtain a truly representative sample. Table 3 shows a comparison 
of the weight of equivalent coal calculated from the analysis of the 
residual and by the preceding method. 

It may be noted that the greatest difference is approximately 
one per cent, if test No. 3 is excluded. It is probable that the error 
in test No. 3 occurred in sampling the residual. 


TABLE 3 


COMPARISON OF RESULTS OBTAINED BY DIFFERENT METHODS OF 
DETERMINING WEIGHT OF CoAL BURNED 


Heating Value of Coal Burned Coal Burned 
Test Residual by Analysis Calculated from Calculated from 
No. B.t.u. per Ib. Chemical Analysis, Lb. Formula, Lb. 
2 10 328 105.1 103.8 
3 10 989 109.1 104.5 
4 8 563 64.3 
8 11 215 104.2 103.8 


17. Tests with Soft Coal as Fuel.—tIn the ease of anthracite coal, 
the fuel bed required no attention after all the coal was fired. For 
bituminous coal, however, the case was different. A thinner bed was 
required, and unless it was given attention the coal burned unevenly 
and formed holes in the fire, with a consequent reduction in effi- 
ciency. If an attempt was made to start with clean grates and to 
fire a large charge, it was found to be impossible to control the tem- 
perature at the register face for the first 214 hours or more. A 
temperature much too high would be attained at the start and thus 
unbalance test conditions for the remainder of the test. A different 
method, therefore, had to be adopted. 

It was estimated that an error of approximately 20 pounds of 
equivalent coal could be made in judging the condition of the fuel bed. 
Calculation showed that it was necessary to burn 650 pounds of coal 


‘ 
1 
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on a test in order to reduce this error to 3 per cent, and to burn 650) 
pounds of coal required 36 hours. The soft coal tests were accordingly 
run for this length of time. | 

Before starting a test, the furnace was operated at the rate re- 
quired on the test for a period of about 12 hours in order to ac- 
cumulate enough ash in the fuel bed to correspond to normal operating 
conditions. The grates were then shaken until live coals just appeared, 
and the ash pit was cleaned. The test started at this time. Coal 
was fired in small charges once an hour and the fuel bed was leveled 
after each firing. This was continued for 36 hours, and the test was 
stopped with the fuel bed in the same condition as it was at the start, 
so far as it was possible to estimate it from its appearance. Just 
before stopping, the grates were again shaken until live coals appeared, 
the ash pit was again cleaned, and the total ash taken out during the 
test was weighed. 

This method of firing does not exactly correspond to that used 
in house service, but if the fuel bed is not given attention for periods 
of 3 hours or more, wide discrepancies appear due to differences in 
fuel bed conditions, and the tests become worthless for purposes of 
comparison. 


18. Importance of Temperature and Draft Control in Furnace 
Testing—The most important single factor which could be used as 
a reference quantity in all these tests was found to be the rise in 
temperature of the air passing through the furnace casing. The tem- 
perature-rise in turn is dependent upon the rate of combustion or the 
draft, but it is much more convenient to use the temperature-rise for 
this purpose than any other observed quantity. Moreover, it was soon 
_ found that the value of a test was determined almost entirely by the 
relative constancy of the temperature-rise of the air; large fluctua- 
tions in the rise in air temperature during a test made the comparison 
of such a test with other tests of little significance. If the rise in tem- 
perature was maintained constant, then all other factors in the test 
also remained constant, and a great deal of attention was, therefore, 
given to apparatus which would indicate the temperature-rise, and at 
the same time control this rise. The accurate determination of the 
actual temperature of the air leaving the register was also of great 
importance. 
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A-study of the graphical log sheets made during each test, in which 
the anemometer readings and register temperatures were plotted 
against time, showed a practically constant relation between the ane- 
mometer reading and the register temperature for any given test. This 
led to a method whereby the number of anemometer readings could be 
reduced to a minimum. Table 4 shows the relation between anemome- 
ter readings and temperature-rise for one test, the readings having 
been taken simultaneously. 

It may be noted that in very few cases in this particular test do 
the individual ratios of anemometer readings to temperature-rise 
deviate materially from the average 1.043. 

A simplified method of testing is therefore possible. After test 
conditions have been reached and the predetermined temperature-rise 
for a particular test has become constant, several simultaneous read- 
ings of the anemometer and the temperature are taken. After this, 
anemometer readings are discontinued and especial care exercised to 
maintain the temperature-rise constant. At the end of the test, the 
anemometer reading is obtained by multiplying the average tem- 
perature-rise by the ratio of anemometer reading to temperature-rise 
found from the readings taken at the beginning of the test. This 
method also has the advantage of saving the anemometer, which is 
a delicate instrument, from wear and abuse. 

Since, in running comparative furnace tests, too much emphasis 
cannot be placed upon the maintenance of a constant temperature-rise, 
an attempt was made to control the furnace drafts automatically in 
order to accomplish this end. It was soon found that the expansion 
members of most commercial regulators had too much heat lag due 


TABLE 4 


RELATION BETWEEN ANEMOMETER READING AND TEMPERATURE-RISE 


Anemometer _ Rise in Temperature of Air Ratio of Anemometer 
Reading Ft. per Min. Degrees F. Reading to Temperature-Rise 
219 205 1.070 
223 215 1.040 
223 210 1.062 
221 213 1.040 
227 221 1.030 
231 223 1.040 
227 221 1.030 
222 215 1.030 
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Fig. 16. Drarr REGULATOR FOR TEMPERATURE CONTROL 


to the mass of material used in their construction. A minimum of 
about 8 or 10 degrees variation in regulation was the best that could 
be obtained. A special regulator was, therefore, built, which, used in 
connection with a standard motor driven draft regulator, gave the de- 
sired degree of regulation. No claim for commercial utility is made 
for the expansion element as it is used only in laboratory tests. As 
shown in Fig. 16 it consists of a No. 30 B. and S. gage brass wire 
passing through the throat of the furnace, and a lever swinging on 
knife edges, A. 

One end of the wire is fastened to the support at the pulley, LF. 
The wire then passes through the throat of the furnace, around the 
pulley at C, and back to a yoke which hooks over a knife edge carried 
on the lever at B. The wire is held taut by a set of weights, F’, the 
_ string from which passes over the pulley, HZ, and attaches to the lever 
_ by means of a yoke and knife edge at D. The weights pull back the 
lever and thus tighten the wire. Both pulleys and lever system are 
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supported on heavy members, G and H, which are entirely free from 
the furnace or platform and held at a fixed distance by the strut, K, 
(which passes around, and not through, the furnace). The end of the 
lever oscillates between two contact points at Z, which are carried on 
a sliding base, M@, which may be locked into place by nut, N. Leads 
from the contact points run to the motor which operates the furnace 
dampers. 

The proper position for the contact points for any given tem- 
perature-rise is determined by trial, and they are then locked into 
place by means of the nut, N. If the temperature rises, the wire in- 
creases in length due to expansion. This allows the lever to be drawn 
further out, and it makes contact with the outside point at L, closing 
the circuit which operates the motor to close the cross damper in the 
smoke pipe and the damper in the ash pit door. If the furnace cools, 
the wire contracts and makes contact with the other point, thus open- 
ing the dampers. The No. 30 wire has so little mass that it follows the 
temperature changes almost instantly, and the furnace can be con- 
trolled within the limits desired. 


19. Furnace Testing Codes.—It has been found very necessary 
to formulate definite codes for reporting the results of tests on both 
piped and pipeless furnaces. Such codes must provide for a syste- 
matie method of recording all important dimensions and significant 
constructional details, as well as the observed test data and final 
results. 

After many revisions, the following codes have been found quite 
satisfactory, and were submitted at the Annual Meeting of the Amer- 
ican Society of Heating and Ventilating Engineers, January, 1921, 
by A. C. Willard and A. P. Kratz in connection with a progress re- 
port on the general subject of Furnace Testing. 


1 


Testing Code for Pipeless Furnaces 


Tests under this code may be of two general kinds, depending 
on the character of the fuel used. For purposes of comparing similar 
furnaces, or for determining the effect of most changes in design, it 
has been found satisfactory to use hard coal and run 8 hour tests. 
The methods for running tests for both hard and soft coal are discussed 
in Section V. 
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All tests are so controlled as to require a draft of not more 
than 0.2 inches of water at any time, and the temperature-rise 
of the air passing through the furnace is maintained absolutely con- 
stant throughout the entire test. Special temperature indicating ap- 
paratus is absolutely essential in maintaining a constant temperature- 
rise. In no case will mercury thermometers be satisfactory for 
measuring outlet temperatures, because of the serious radiation effects 
on such thermometers. The temperature control and measuring de- 
vices are discussed in Section VI. 

The amount of air passing through the furnace is determined 
by a special traversing equipment (Fig. 12) using an anemometer to 
measure the velocity of flow. The anemometer is then calibrated under 
exactly the same conditions of air velocity, temperature, and register 
resistance as existed in the actual test, as discussed in Section VII. 

The observed data and calculated results are then reported on 
the Data and Result Sheets for Pipeless Furnace Test given on page 56. 
Fig. 10 shows the general set-up of the equipment for a pipeless fur- 
nace test, and also serves as a graphical result sheet. Typical per- 
formance curves from a series of tests are shown in Fig. 15. 
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Fig. 17. SEcTIoNAL ELEVATION OF EQUIVALENT TESTING PLANT FOR PIPED 
FURNACE 
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Testing Code for Piped Furnaces 


Tests under this code are made in a manner exactly similar to 
that already described for pipeless furnaces. The special arrange- 
ment of an equivalent piped furnace testing plant is shown in detaii 
in Fig. 17. 

The only factor not definitely specified in setting up this equip- 
ment is the equivalent head in feet between grate and face of hot air 
outlet which should be provided. 

This head can only be ascertained by setting up a duplicate furnace 
in a typical one, two, or three-story piped furnace plant and deter- 
mining the total amount of air handled by natural circulation for an 
average temperature-rise from inlet to bonnet of 130 deg. F. With 
this quantity of air known the outlet riser is adjusted to give this 
same capacity at the same temperature rise. Values for the proper 
height of the equivalent testing plant (Fig. 17) will depend only on 
the resistance of the leaders, stacks, and registers in one, two, and three- 
story plants. Once these heights are determined for systems in one, 
two, and three-story buildings, the equivalent testing plant will truly 
represent the actual resistance in such buildings. 

The observed data and calculated results are then reported on 
the Data and Result Sheets for Piped Furnace Test given below. 
Fig. 17 not only shows the general set-up of the equipment for a piped . 
furnace test, but can also be made to serve as a graphical result sheet 
similar to Fig. 10 by addition of the necessary items. 

Typical performance curves from a series of piped furnace tests 
are shown in Fig. 6. 


DATA AND RESULT SHEET—PIPELESS FURNACE TEST 
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DIMENSIONS 
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VI. TEMPERATURE MEASUREMENT IN WaARM-AIR FURNACE TESTING 


20. Measurement of Outlet Temperatures.—lt is a very difficult 
matter to determine accurately the temperature of the air as it leaves 
the bonnet of a piped furnace, or as it passes the register grille of a 
pipeless furnace. Attempts to measure air temperatures at these 
points by ordinary thermometers are futile, since the errors resulting 
from the radiation effect of the hot dome and radiator of the furnace 
may amount to from 40 deg. to 90 deg. F., as was demonstrated in’ 
this investigation. Even with very small thermocouples there is an 
error from this radiation effect, but the error is much less than with 
thermometers, and has now been accurately determined. Since the 
problems are about the same for both piped and pipeless plants, a 
discussion of the method used in the latter tests will suffice for both. 
It should be noted that mercury thermometers are quite satisfactory 
for measuring inlet temperatures for either piped or pipeless fur- 
naces, as there are practically no radiation effects at such points. 


21. Instruments Used for Measuring Temperature.— 
Thermocouples 


The temperature of the air at the register face was measured by 
means of four copper-constantan thermocouples made of No. 23 B. and 
S. gage wire. A general discussion of the thermocouple method of 
measuring temperatures and the factors leading to the choice of copper- 
constantan couples has been given in a previous bulletin.* 

The junctions of the couples used for this purpose were formed 
by silver-soldering the two wires together and dressing the metal down 
to approximately the diameter of the wires. These junctions were 
placed at 90 degrees around a circle having a radius of about 0.6 that 
of the register face. The four couples were then connected in par- 
allel and a single reading gave the average of the temperature at 
the four points. In the earlier tests an instrument called the Pyro- 
volter was used, which gave a precision of 0.42 deg. F. For the 


* “Report of Progress in Warm-Air Furnace Research.’”’ Univ. of Ill, Eng. Exp. Sta., 
Bul. 112, 1919, 
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later tests a standard Leeds and Northrup precision potentiometer 
was used. This could be read accurately to 0.0005 millivolts, which 
gave a possible precision of 0.02 deg. F. For the purpose of these 
tests, however, it was not used to a greater precision than 0.2 deg. F., 
which was considered ample. 
A discussion of the essential differences between a Pyrovolter 
and a potentiometer as measuring instruments may be of interest 
for other investigators in this field, and is given in the following 
paragraphs. 


Potentiometer 


In the simplest form the potentiometer (Fig. 18) consists of a 
loop of wire, a bull cell, B, and a variable resistance. One portion of 
the loop is a very uniform wire, X—Y, lying adjacent to a scale. 
Suppose this scale contains 10 main divisions. The fall of potential, 
E, from X—Y is then EH = JR, where E£ is electromotive force, J 
is current, and F is ohms resistance. Then each division of the wire 


= a or if H = 10 volts then each division = 1 volt. 
In order to make the instrument direct reading it is necessary 
to determine what current in the loop will make each division 


represent 1 volt. Suppose a standard cell of known voltage, 
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Fig. 18. DIAGRAMS FOR PYROVOLTER AND POTENTIOMETER CIRCUITS 
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E = 1.0175, is connected with one pole at point X and the second 
pole at a distance of 1.0175 divisions from point X in such a way that 
the fall of potential along the wire from X to 1.0175 tends to send 
current in one direction through the galvanometer and the cell tends 
to send it in the other direction. The current, 7, in the loop is now 
changed until the fall along the wire from point X to 1.0175 is just 
1.0175 volts. This is true when the galvanometer reads zero. In this 
ease every division on the wire will represent a fall of potential of 
just 1 volt. 

T is now maintained constant in the loop, and an unknown electro- 
motive force, E,, is connected in just as the standard cell was con- 
nected. Assume that the electromotive force is 3 volts. If the point C 
is placed on the third division it is evident that the fall of potential from 
X to C will be 3 volts. In this case the galvanometer will read zero. 
If C is placed on either side of 3, then the galvanometer will read either 
positive or negative as the case may be. Hence the length of wire 
from X to C may be made a measure of the unknown electromotive 
force, since each division was first adjusted to represent a known fall in 
potential and the current 7 was not afterwards changed. 


Pyrovolter 


The unknown electromotive force, H,, is connected across the 
fixed resistance Y—Y, as shown in Fig. 18. The fall of potential 
across this fixed resistance is EH — IR, where R is the resistance X—Y, 
and J is the total current in the loop, XAYY. If J is varied, then F 
will vary also. The unknown electromotive force, H,, is so connected 
that it opposes HZ, and when F is just equal to the unknown EF, the 
galvanometer G will read zero, since there is no current flowing 
through it. J is varied by the variable resistance in the loop until 
G does read zero; then the relationship H — EH, is true. J is then 
read on galvanometer G,. But since = E/pr, and R is constant and 
known, the galvanometer G, may be calibrated to read E directly for 
the different values of J which are necessary to balance various un- 
known electromotive forces £,, or in other words may be calibrated 
to read E, directly for the different values of J. 

In Fig. 19 there is given a diagram of the method of calibration 
and a typical calibration curve for a copper-constantan couple. In 
making a calibration, the junction of the couple is bound to the bulb 
of a standard mercury thermometer the correctness of which has — 
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been certified by the United States Bureau of Standards. The ther- 
mometer and couple are then immersed in an electrically heated oil 
bath and simultaneotss readings are taken of the thermometer and 
Pyrovolter, or potentiometer, as the case may be. The electromotive 
forces read from the potentiometer are then plotted as abscissae and 
the temperatures from the mercury thermometer as ordinates. There- 
after, if the couple is used and gives, for instance, a reading of 
3.0 millivolts the corresponding temperature of 164 deg. F’. may be 
obtained from the curve, as indicated by the dotted lines shown in 
Wig. 19. 


Temperature-Rise Indicator 


For the laboratory tests, it has been found convenient to observe 
the constancy of the temperature-rise from the readings of the 
compound couple at the register face as discussed in the preceding 
paragraphs. The potentiometer dials are set at the reading which 
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Fia. 19. THERMOCOUPLE CALIBRATION CURVE AND APPARATUS 
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gives the temperature at register face required to give the desired 
rise in temperature. Any deviation from this temperature is im- 
mediately indicated by the swing of the galvanometer. 

For work in the field, however, a special temperature-rise indi- 
cator has been developed. A Pyrovolter and eight copper-constantan 
thermocouples made of No. 23 B. and S. gage wire connected in 
series are used. The electrical connections, including the wiring 
diagram for the Pyrovolter, are shown in Fig. 20. In this figure only 
two couples are shown in series instead of the eight which are actually 
used. The compound thermocouple is placed in the throat of the 
furnace with the hot junction spread out fanlike at A. The cold 
junctions, B, are placed outside of the throat and in the air surround- 
ing the furnace. 

The readings of this compound couple, therefore, indicate tem- 
perature-rise directly. They are not used for the recorded air 
temperature, however, a calibrated couple with the cold junction in ice 
being used for this purpose. The indicator couple is connected through 
a double pole switch, S, across the fixed resistance, R,, with the gal- 
vanometer, G,, in, the circuit. The Pyrovolter circuit contains this 
fixed resistance, R,, variable resistance, R,, galvanometer, G,, and a dry 
cell, or two dry cells in series, C. 

In order to adjust the indicator, the furnace is first operated to 
give the desired temperature-rise. Switch S is then closed, and the 
variable resistance R, is adjusted until galvanometer G, reads zero. 
The reading of galvanometer G, is noted, and whenever this same 
temperature-rise is desired G, must be set to this predetermined 
reading. With G, set, then G, will read zero as long as the correct 
temperature-rise is being maintained. Any variation in the tempera- 
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ture-rise will be indicated by deflection of the galvanometer G,. 
With the instrument used, a change of 10 degrees in the temperature- 
rise produced a deflection of about 5/16 inch on the galvanometer. 


22. Correction for Radiation—Since the efficiencies reported 
for either the piped or pipeless furnace are based on the temperature- 
rise of the air passing through the furnace, it becomes a matter of 
prime importance that an accurate method for the determination of 
the temperature of the air leaving the register face be used. The chief 
difficulty encountered in these tests was the determination of, and 
the correction for, the effect of the heat radiated from the hot 
castings on the thermometers or thermocouples used to measure the 
air temperature. It was necessary to measure this temperature at a 
point either just below the bonnet or close to the register face. This 
exposed the measuring element directly to the radiant heat given 
off from the top of the dome and the radiator. Since these castings 
were at a temperature considerably higher than that of the air, 
and the radiant heat went directly through the air without warming 
it, the effect was to raise the thermal element of the thermometer or 
thermocouple that received this heat to a higher temperature than 
that of the air surrounding it. Consequently, since the material of 
which the thermal element was constituted was at a higher tempera- 
ture than that of the air the instrument also read or recorded a higher 
temperature than the true air temperature. This observed tempera- 
ture proved to be as much as 90 deg. F’. too high (see Fig. 23) when 
a mercury thermometer was used. The error could not be eliminated 
by interposing shields or baffles between the hot surfaces and the ther- 
mometer, because the shields would merely intercept the radiation and 
become heated, and in turn radiate to the thermometer. The only 
course left open, therefore, was to correct for the radiation effect on 
these couples. 

The radiation correction has been made as suggested* by Henry 
Kreisinger and J. F. Barkley. Four thermocouples having diameters 
of 0.01 inch, 0.0225 inch, 0.065 inch, and 0.129 inch, respectively, were 
placed at the point at which measurements were to be taken for the 
tests. The junctions were carefully made of the same diameter as 
the wires forming the couples. Since the larger surfaces received 


* “Measuring the Temperature of Gases in Boiler Settings.’’ U. 8. Bureau of Mines, 
Bulletin 145. 
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more heat by radiation than the smaller ones, the temperature indi- 
cated by the larger couples when equilibrium was attained was corre- 
spondingly higher than that indicated by the smaller ones. The 
smaller couples gave more nearly the correct air temperature. Theo- 
retically, a couple of zero diameter would give the correct air tem- 
perature, since a couple of this diameter would receive no heat by 
radiation. The temperatures indicated by the four couples were then 
plotted against the diameter of the wires forming the couples. A 
smooth curve joining these points was drawn and continued until 
it intersected the zero diameter axis. The point where this took place 
was regarded as indicating the true temperature of the air. These 
curves are shown in Fig. 21. One of these curves, it may be seen, 
intersects the zero axis at 298 deg. F. This is the true air temperature. 
The couple of 0.0225 inch diameter, which was the size of the couples 
used to measure the temperature during the tests, at the same time 
read 320 deg. F. The correction for this couple is, therefore, 320-298 
= 22 deg. F. This procedure was followed for a large number of 
temperatures within the range covered by the tests on the pipeless 
furnace, and the corrections obtained have been plotted against the 
observed temperatures. The correction curve is shown in Fig. 22 and 
has been used on all pipeless furnace tests herein reported. It must 
be noted that this correction curve applies only to couples of the 
diameter designated, and then only when the couples are placed at 
the same distance from the dome of the furnace, namely, 36 inches. 

In order to eall attention to the magnitude of the errors that 
might occur from the use of an unprotected mercury thermometer, 
a correction curve for a mercury thermometer having a diameter of 
0.225 inches and placed 36 inches above the dome is given in Fig. 23. 
The corrections vary from 40 deg. F. at an observed register tem- 
perature of 200 deg. F. to 90 deg. F. at an observed register tempera- 
ture of 300 deg. F. 

In Fig. 24 is shown a radiation correction curve for couples of 
No. 23 B. and 8. gage wire placed in the bonnet of a piped furnace. 
These couples were placed at the entrance to the leaders, and about 
9 inches from the radiator castings. The correction in this case 
is 10 deg. F. at an observed temperature of 197 deg. F. The corre- 
sponding correction at 197 deg. F. taken from the curve in Fig. 22 for 
the pipeless furnace is 9.5 deg. F. At 223 deg. F. the correction is 
13 deg. which also very closely agrees with the correction of 12 deg. 
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taken from the correction curve for the pipeless furnace. It appears, 
in this particular case, that the distance the couple is placed from the 
castings does not materially affect the correction, and that the curves 
for the pipeless furnace may be accepted for the piped furnace also 
without very great error. 


23. Temperature of Furnace Castings.—The temperature of the 
furnace castings has been observed at several points on the pipeless 
furnace. These temperatures were obtained by the use of chromel- 
alumel thermocouples made from No. 23 B. and S. gage wire. The 
two wires were twisted tightly together and the junction thus formed 
was fused in an oxy-gas flame. A small hole was then drilled into the 
casting, the junction inserted and the hole peened shut with a cold 
chisel. In some cases, where the casting was too hard to permit peen- 
ing, the couple was packed into the hole by driving asbestos cord into 
the hole with it. No attempt was made to obtain the temperature of 
the surface alone. The temperature obtained was that of the metal. 
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Fig. 23. RADIATION CoRRECTION CURVE FoR THERMOMETER AT REGISTER OF 
PIPELESS FURNACE 


The location of these couples was as shown in Fig. 25. One was 
placed on the side of the fire pot 9 inches above the grate, one on the 
opposite side of the fire pot 10 inches above the grate, one in the center 
of the top surface of the dome, one in the top surface of the radiator 
where the gases made the first turn, and one in the top of the radiator 
where the gases turned into the smoke connection. The two couples 
_ last mentioned were located on the center line of the radiator and 
above the center of the connections from the dome to the radiator 
and from the radiator to the smoke connection. The temperatures 
obtained are discussed in Section XII. 

Temperatures on the sheet metal casings and the furnace front 
were obtained by fastening the bulbs of mercury thermometers to the 
surfaces by means of furnace cement. 
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24. Temperature Variation Across an Air Stream.—There is 
still another aspect to this measurement of the temperature of a flow- 
ing stream of air which has been given a great deal of study. It is 
a well known fact that there is a great variation in temperature across 
any section of an air stream whether the air current is flowing in a 
nearly horizontal leader or in a vertical stack. The exact location of 
the thermocouple in such a stream is a matter of vital importance, 
especially if this reading is to be compared with another reading fur- 
ther along the stack or leader. As a preliminary study with rather 
crude apparatus showed a surprising variation in an ordinary leader, 
it was decided to go into the matter more thoroughly, and a special 
temperature searching tube under micrometer control was developed 
and put into operation with great suecess. A few sample curves are 
submitted (Fig. 26) which speak for themselves. Both temperature 
traverses were made in the same 10-in. pipe just 5 ft. from the bonnet 
on the auxiliary plant (Fig. 50) and at the same section taken along 
a vertical diameter. The bonnet and room temperatures were the 


eae True tat beled hens fee 


ND» 
aN 
S 


es Faprerhe/t 


rz 
LN) 
S 
iS) 


Temperature it) Degr: 


/30 
O OO! 002 003 004 O05 006 007 008 009 O10 Oll Ol2 UF O14 OS 


Diameter of Wire tr lnches 
Fig. 24, Errecr or RADIATION ON THERMOCOUPLES IN BONNET OF PIPED 
FURNACE 


INVESTIGATION OF WARM-AIR FURNACES AND HEATING SYSTEMS 73 


Thermocouple /7 
Thermocouple /8 


Thermocouple 19 


Thermocouples 
/718,& 19 


ThErmocoy, Thermocouple 2/ 


Fig. 25. Location oF THERMOCOUPLES ON FURNACE CASTINGS 


Same in both cases, and hence the curves are a direct index of the 
increased heat and air carrying capacity of a bright tin leader pipe 
as compared with the same pipe covered with one layer -of asbestos 
paper, weighing 10 lb. to the 100 sq. ft. 

From an inspection of the curves it is apparent that in the case 
of the bright tin leader the maximum air temperature at the section 
was 181.5 deg. F. at a point 2 in. below top of pipe. These tempera- 
tures fell off rapidly to 154 deg. F. at a distance 0.01 in. inside of 
top of pipe, while the temperature of the metal surface itself (by 
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thermocouple soldered to outside of leader) was 132 deg. F. Below 
the center of the pipe the air temperatures also fell off rapidly to 
130 deg. F. at a distance 0.01 in. inside of bottom of pipe, while the 
metal surface here was at a temperature of 116 deg. F. The tempera- 
ture curve for the asbestos covered pipe is similar, but while its max- 
imum is 178 deg. F. at 2 in. below top of pipe or 3.5 deg. F. less than 
for the bright tin leader at the same position, the metal surface at top 
and bottom of leader was nearly 9 deg. F. less at the top and 6 deg. F. 
less at the bottom than the metal surface of the uncovered leader. The 
asbestos-paper-covered pipe was losing heat more rapidly than the 
bright tin leader pipe. 

It therefore becomes a nice question to determine the heat con- 
tent of the air at any given section and compare it with the heat 
content at some other section. This problem is still further compli- 
cated by the fact that a velocity traverse at this same section (Fig. 27) 
with a Pitot tube and micromanometer shows a somewhat similar 
variation in uniformity of flow across the section. The true mass 
temperature is then the summation of the products of the weight of 
air at each concentric eqaul area a, b, c, d, and e and the mean tempera- 
ture at that concentric area (Fig. 27), divided by the total weight of 
air flowing. 
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So long as the temperature traverse curve at one section has the 
same shape as at another section, and the velocity traverse curves 
are similar to each other, differences in temperature and heat content 
are quite correctly obtained if the thermocouples are located at 
similar points as indicated by the temperature curves at the two 
sections. See x and y at two sections on Fig. 26. 
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Fig. 27. VARIATION IN VELOCITY ACROSS A 10-INCH LEADER 
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VII. Arr MEASUREMENT IN F'URNACE TESTING 


25. Direct and Indirect Methods——The measurement of the air 
flow in furnace testing offers peculiar difficulties owing to the low 
velocities encountered and the very small pressure differences which 
cause the flow. The small pressure differences, or operating heads, 
render it impossible to make use of direct measuring devices similar 
to the Thomas meter, or other meters, due to the fact that such 
meters impose resistance greater than the available operating heads. 
The development of the Wahlen gage (Section IX) has made it 
possible to extend the range of the Pitot tube to velocities below 500 
feet per minute, which had previously been considered the lower 
limit for the use of the tube. However, the necessity for extreme 
refinement in the measurements of velocity head, and the time con- 
sumed in making traverses with the Pitot tube, make the use of this 
method unsatisfactory where a large number of observations are re- 
quired, as in furnace testing work. For this reason it was decided to 
use the anemometer as an indicating instrument, and methods were 
devised for comparing and checking the readings of the anemometer 
against some primary apparatus for accurately measuring the amount 
of air flowing. This comparison must, of course, be made under the 
same conditions as existed when the original observations were made 
on the furnace plants. 


26. Method for a Piped Furnace Test.—A discussion of a gen- 
eral scheme for traversing the register faces and checking the ane- 
mometer readings for the piped furnace is given in the first report of 
progress.* The primary methods for measuring air for this work have 
been further developed and will be discussed in a later paragraph, 
but the general scheme as originally outlined has been retained. 


27. Method for a Pipeless Furnace Test—The same indirect 
method of air measurement with some modifications, has been used 
for calibrating the anemometers for the pipeless furnace tests. Fig. 


_ **“Report of Progress in Warm-Air Furnace Research.’’ Univ. of Il, Eng. Exp. Sta., 
Bul. 112, 1919. 
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12 shows the anemometer and carriage used for traversing the warm- 
air face of the pipeless register. This carriage held the anemometer 
at a distance of 1-1/8 inches from the surface of the register face, 
and was revolved about the center point. The anemometer at the 
same time could be moved along the supporting arm and could be 
made to cover any point on the register face. In making the traverse, 
the register face was divided into 3 circles and the anemometer held 
at 4 points on each circle for a period of 5 seconds at each point, 
making in all 12 positions, taken over a period of one minute. Only 
two readings of the dial are necessary, one at the start and the other 
at the end of the traverse. Both readings were taken with the ane- 
mometer running in position over the register face, by using the dial 
switch lever. 

The apparatus for calibrating the anemometers for the pipeless 
furnace tests is shown in Fig. 11. The furnace itself formed part of 
this apparatus. Air was delivered to the furnace at a point above the 
bottom of the inner casing by means of a motor driven pressure 
blower fan. This fan took the air from the laboratory through a 
10-1/32 inch wrought iron pipe on which a Pitot tube and piezometer 
ring were mounted. The Pitot tube and piezometer ring were 16 
feet from the entrance to the pipe. A thermometer was also inserted 
just back of this point. The velocity head in the pipe was measured 
by means of a Wahlen gage. The whole system, including the fur- 
nace, was made air tight, and occasional tests were made with smoke 
bombs to prove that the system remained air tight. Therefore, the 
weight of air which passed the Pitot tube was also delivered at the 
register face. , 

When it was desired to calibrate the anemometer, the cold-air 
register face was closed by clamping the plate shown at the left in 
Fig. 12 over the face. This plate was lined on the under side with 
felt, which insured an air tight joint. The controlling rheostat on 
the fan motor, and the furnace dampers were then adjusted until the 
anemometer gave the same reading as that obtained on the furnace 
test for which the anemometer was being calibrated, and the air leav- 
ing the register face was at the same observed temperature as that 
obtained on the test. When the preceding conditions had been satis- 
fied, a reading of the velocity head was taken on the Wahlen gage. 
The anemometer reading could then be compared with the true air 
velocity through the register grille. This true air velocity was cal- 
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eulated from the weight of air, determined by the use of the Pitot 
tube, and the temperature at the register face. Under normal con- 
ditions, when a test was being run, the calibrating apparatus was 
closed off from the furnace system by means of a damper, and 
the furnace took air into the cold-air register face, operating under its 
own motive head. This method of calibration has proved satisfactory. 
and has been used for all the pipeless furnace tests included in this 
report. 


Fic. 29. Tank, ScaLes, AND CALIBRATING PIPE FoR AIR WEIGHING PLANT 


Fic, 30. REGULATING EQUIPMENT FoR CONTROLLING FLOW IN AIR WEIGHING 
PLANT 
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VIII. Ar WeigHinac PLANT FOR CALIBRATION PURPOSES 


28. Description of Plant—The plant which has been developed 
for the calibration of the anemometers used at the register faces of 
the piped furnace plant is shown in Figs. 28 to 32. The original 
plant used in some of the preliminary tests consisted merely of a 
fan having a heater placed in the suction pipe, and a 5 inch delivery 
pipe in which a Pitot tube was placed. The register heads were at- 
tached to the outlet of the 5 inch pipe with suitable connections. 
This plant is discussed in Section IX. 

Certain discrepancies in the results of the piped furnace tests 
and in the results from anemometer calibrations led to an attempt 
to check the results by measuring the pressure loss through a eali- 
brated orifice. Wide variations in the weights of air determined by 
the orifice and the Pitot tube made it evident that some primary 
method of obtaining the weight of air passing through the system 
would have to be adopted, and the weighing apparatus in its present 
form was therefore developed. 


Dera! of Beam Contact are | 
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Fic. 31. SECTIONAL ELEVATION OF AIR WEIGHING PLANT 
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Air from the compressed air main in the laboratory is taken 
into a booster compressor after passing through a separator (Fig. 28) 
and three calcium chloride dryers. These dryers take out most of the 
moisture so that a wet and dry bulb psychrometer placed at the register 
face indicates a relative humidity of approximately 10 per cent at 
a temperature of 70 deg. F. At higher temperatures the relative 
humidity, of course, is lower. The air from the compressor is de- 
livered into a tank resting on platform scales. The tank was built 
for a working pressure of 300 lb. per sq. in. and at this pressure 
contains approximately 200 pounds of air. Fig. 31 shows the general 
arrangement of the tank and scale and a detail of the end of the 
scale beam. The scale used is a Fairbanks No. 2153 four-ton heavy 
duty built-in suspended-platform scale. The lever ratio is 500 to 1 
and the beam is a double beam reading 200 lb. on each beam and 
graduated to one pound. A brass knife-edge makes contact with the 
lower edge of the scale beam at about the mid point of its travel. 
When the beam touches the knife-edge it closes an electric circuit 
and rings a bell. All weighings are then taken with the beam travel- 
ing in the same direction, and at the same point of its travel. 

This method of weighing was recommended by Mr. C. A. Briggs 
of the U. 8S. Bureau of Standards, who inspected the scale, and who 
offered many valuable suggestions. The Bureau of Standards has 
also codperated with the research staff to the extent of lending four 
50 lb. standard test weights to be used for this investigation. 

In regard to the accuracy which it is possible to realize, the 
following paragraph is taken from Mr. Briggs’ report on the scale: 

‘*The general principle employed in the weighing appears to 
promise the highest accuracy which can be obtained from a scale of 
the character and capacity used. If the scale can remain practically 
undisturbed throughout the experiments, and vibration can be 
avoided, it is probable that an accuracy of about 0.01 lb. can be 
obtained under the best conditions. This may make it possible to 
reduce the weight of air required and shorten up the time of the 
experiments. However, the use of the pin point connections where the 
short levers connect with the long lever, and where the long levers 
connect with the shelf lever, may reduce the accuracy of the results. 
This, however, remains to be seen.”’ 

_ In view of the preceding statement, it appears safe to consider 
that an accuracy within 1 lb. has been attained. Since 150 lb. of 
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air are always available for a test the error is, therefore, probably 
less than 0.7 per cent. 

A union, A, in the pipe line and a valve, B, at the tank (Fig. 31) 
make it possible to disconnect the tank ‘from the compressor when the 
required pressure is attained, and leave the tank resting freely on 
the scales. A flexible coupling, C, leads from the tank to the valves con- 
trolling the flow. With the arrangement of the flexible coupling shown 
it has been found possible to detect the addition of a weight of 0.2 
pound to the scale platform by a change in the position of the scale 
beam. his was done when the seales were fully loaded. The ap- 
paratus is therefore considered sensitive within the limits already 
stated. Care must be taken not to touch the flexible coupling after 
a test is started, as it would take a different ‘‘set’’ and thus affect the 
seale reading. 

Fig. 82 shows the general arrangement and dimensions of the 
apparatus beyond the flexible connector. The flow of the air is con- 
trolled by two needle valves, M and N, one in the main pipe line and 
one in a by-pass. It has been found possible to regulate the flow 
within 0.002 inch velocity head at the orifice by means of these valves. 
After passing the valves the air expands into a chamber of steel 
shavings, S, to break up the effect of stream lines, and thence it passes 
through two electrical coil heaters. After leaving the heaters, the 
air goes through a small multi-bladed fan, and enters a straight pipe 
containing the orifice, O, and Pitot tube, P. This pipe was built in 
sections as shown, and the inside surface of each section finished in 
order that the area of the cross section might be accurately de- 
termined, and also that the holes for the piezometer should be flush 
with the surface. A honeycomb, H, with 114 inch openings, is inserted 
in the pipe to straighten the air stream before entering the orifice. 

The orifice used in all tests was a thin disk orifice, and the 
pressure tubes on either side were installed in accordance with the 
instructions furnished by the maker. The shape of the orifice, and its 
area, together with the location of the pressure tubes, is shown in Fig. 
33. The pressure drop through the orifice is obtained by attaching 
a Wahlen gage to these pressure tubes. Beyond the orifice is installed 
the Pitot tube, consisting in this case of the dynamic tube alone. The 
static pressure connections are located at either side of the pipe. The 
openings into the pipe for these connections are 1/50 inch holes. 
The temperature of the air is taken by means of a mercury ther- 
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mometer inserted just after the honeycomb and extending midway into 
the pipe. All piping from the heaters to the outlet is lagged with 
magnesia covering to insure as uniform air temperature as possible. 

The purpose of the fan, shown in Fig. 32, is to make it possible 
to calibrate anemometers quickly and conveniently without having to 
depend upon the air which has been compressed into the tank on the 
seale. It requires about 3 hours to compress air into this tank to a 
pressure of 3800 pounds per square inch. After the orifice has been 
calibrated by weighing air passed through it from the tank, a eali- 
bration of an anemometer can be made by attaching a register head 
to the outlet, and comparing the anemometer readings with the rate 
of air flow as determined by the orifice. This is done by closing the 


» needle valves and loosening the plate at the end of the tee, 7’, which is 


placed before the heaters. When the fan is started air is drawn 
through this opening and delivered through the orifice and out through 
the register head. The amount of air is controlled by using the 


Weight of Air in Pounds per/Tinvure 
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Fic 33. CALIBRATION CURVES FoR THIN PLATE ORIFICE 
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plate as a gate valve, thus regulating the size of the opening between 
it and the pipe. The temperature of the air is controlled by the 
electric heaters. 

Some doubt has been expressed as to whether the conditions at 
the orifice may not be changed when air is drawn through the heaters 
and delivered to the orifice by the fan instead of being forced through 
the heaters and the rest of the system with the fan stationary. Care- 
ful tests proved that no difference could be detected in the calibration 
of the orifice whether the fan was stationary or running. It is there- 
fore considered safe to use the orifice calibration curves for the pur- 
pose of calibrating the anemometers when the air is supplied by fan. 
Greater care has to be taken when calibrating the orifice with the 
fan running, as small leaks at the stuffing box will materially affect 
the results. In fact, great care must be exercised at all times to 
insure that the whole system is air tight. The calibration curves 
in Fig. 33 were obtained with the fan stationary. 

A leakage test was run on the apparatus in order to determine 
whether any correction should be made for air leakage at pipe threads 
and in the flexible connector. This was done by pumping the tank 
up to a pressure of 300 lb. per sq. in., closing the needle valves and 
valve at the air inlet, and allowing the tank to stand. Periodic ob- 
servations of the pressure and temperature in the tank were taken. 
These observations extended over a period of 80 hours. The drop in 
pressure was then transferred into terms of actual weight of air lost, 
and the rate of loss in pounds per minute was determined. The re- 
sults of this test showed an average leakage of 0.01 lb. of air per 
minute. Since the maximum time of running for any one test was 42 
minutes, the maximum correction never exceeded 0.5 Ib. 


29. Method of Procedure for Calibration Test—The following 
method of procedure was used for conducting calibration tests on the 
orifice. The compressor was run until a gage on the tank indicated 
a pressure of approximately 300 lb. per sq. in. in the tank. The 
inlet valve was then closed, and the union in the pipe between the 
compressor and the tank disconnected, thus allowing the tank to 
rest freely on the scales without interference, except for the flexible 
connector. A Wahlen gage was attached to the pressure tubes on 
either side of the orifice, in such a manner that it indicated the 
pressure drop through the orifice. The plate at the end of the heater 


INVESTIGATION OF WARM-AIR FURNACES AND HEATING SYSTEMS 87 


was made tight. The needle valve was then slowly opened until the 
Wahlen gage indicated the predetermined head for the test. This 
usually entailed a pressure loss in the tank of about 10 lb. per sq. in. 
As soon as the flow was under control at the needle valve, the scale 
beam was balanced so that it rested lightly against the top of the 
stirrup, and the counterweight was locked. As the air was withdrawn 
from the tank, the scale beam gradually dropped and, when it touched 
the knife edge shown in the insert in Fig. 31, it closed a circuit and 
rang a bell. 

This was the signal for the first time reading which was taken by 
means of a stop watch. After the signal, a 50 lb. standard test 
weight was placed on the scale platform. This caused the beam to 
rise to the top of the stirrup. When 50 lb. of air had been taken 
from the tank the beam again dropped, closing the circuit and ringing 
the bell, thus giving the signal for the second time observation. Another 
50 lb. test weight was then placed on the platform, and in due course 


TABLE 5 


RESULTS OF CALIBRATION OF ORIFICE BY WEIGHING AIR 


Barometer Temperature Velocity {| Weight 
No. Date Inches of Air Head of Air 
Mercury Degrees F. Inches Water Lb. per Min. 
E! 6-28-20 29.41 81.2 0.0073 2.36 
2 6-28-20 29.41 77.5 0.0150 3.87 
3 4-16-20 28.79 70.7 0.0307 5.61 
4 6-24-20 29.39 Wikak 0.0567 7.48 
5 4-14-20 28.90 69.9 0.0932 9.30 
6 6-24-20 29.43 69.7 0.0944 9.60 
7 8-4-20 29.25 66.4 0.1108 10.08 
8 6-26-20 29.12 68.8 0.1338 11.21 
9 7-16-20 29.29 69.5 0.1410 11.38 
10 7-15-20 29.21 68.1 0.1413 11,53 
11 6-25-20 29.49 68.8 0.1590 12.19 
12 6-25-20 29.49 65.6 0.2022 13.96 
13 8-19-20 29.30 100.1 0.0212 4.40 
14 8-18-20 29.21 100.0 0.0608 7.34 
15 8-20-20 29.27 100.0 0.0905 8.84 
16 8-18-20 29.21 100.2 0.1205 10.17 
17 8-19-20 29.30 99.9 0.1505 11.32 
18 8-17-20 29.34 100.2 0.1800 12.36 
19 8-17-20 29.34 129.9 0.0210 4.24 
20 8-13-20 29.05 129.9 0.0600 7.09 
21 8-21-20 29.11 130.0 0.0903 8.55 
22 8-13-20 29.05 130.5 0.1200 9.82 
23 8-16-20 29.27 130.2 0.1500 10.98 
24 8-16-20 29.27 129.4 0.1800 11.90 
25 8-12-20 29.11 160.4 0.0200 4.05 
26 8-12-20 29.11 160.0 0.0400 5.59 
27 8-9-20 29.18 160.5 0.0600 6.84 
28 8-9-20 29.18 161.3 0.0800 7.92 
29 7-20-20 29.33 159.0 0.1000 8.90 
30 8-11-20 29.21 160.5 0.1400 10.23 
31 8-10-20 29.17 160.7 0.1800 11.54 
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a third time observation made. Since 150 lb. of air was always avail- 
able, it was always possible to divide a test into 3 parts, and if a 
uniform rate of flow was maintained it was possible to check the 
times for the three periods very closely. In most cases, it was found 
possible to maintain a constant head at the orifice within 0.002 inch 
of aleohol, and the time intervals checked within one or two seconds. 


30. Results of Calibration of Orifice—The orifice has been eali- 
brated over a range of temperatures from 70 deg. F. to 160 deg. F., 
and for rates of flow varying from 2.36 lb. of air per minute to 13.96 
lb. per minute. These results were obtained by Mr. C. Z. Rosecrans, 
Graduate Research Assistant, working under direction of the research 
staff, and are shown in the curves of Fig. 33 and in Table 5. Inspee- 
tion of the curves shows that with very few exceptions the points fall 
exactly on the curves. This indicates that the apparatus performed 
consistently and accurately, and demonstrates that weighing air in 
large amounts for experimental purposes is both feasible and reliable. 


Fie. 34. THe WaHLEN Gaqr 
(ILLINOIS DIFFERENTIAL MICROMANOMETER) 
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IX. THe WAHLEN GAGE 
(ILLINOIS MICROMANOMETER ) 


31. Need for a Sensitive Device for Measuring Air Pressure.— 
Reference was made in Section VII to the fact that this investigation 
involved the measurement of unusually low air velocities ranging 
from 2 to 7 feet per second, or velocity heads of about 0.0015 to 0.0120 
inches of water, while the quantities of air flowing were relatively 
large, ranging from 40000 to 90000 eu. ft. per hour. Moreover, 
the total head for producing flow was extremely slight, amounting to 
only a‘few hundredths of an inch of water pressure. In all cases 
the air was at or very near atmospheric pressure. 

It was, therefore, necessary to find some measuring device which 
would offer no frictional resistance to air flow, would be extremely 
sensitive, readily portable, simple to operate, and accurate. No such 
device could be found, although it was believed that if such a gage 
were used in connection with a Pitot tube, the requirements would 
practically be met, and it would be possible to measure these low ve- 
locities directly. The gage which most nearly met the requirements 
of the case was the Chattock* Gage, and one of these gages was con- 
structed, and tested. ‘There was no doubt about its sensitiveness, 
but certain operating difficulties made its application to the work very 
troublesome, involving a great deal of labor. . 

Every possible refinement of measurement was resorted to with- 
out complete success until F. G. Wahlen (detailed to this work from 
the Experiment Station Staff) finally developed a remarkable gage 
(Fig. 34) so sensitive and accurate that it would measure a pressure 
head of less than 0.0001 of an inch of water, and respond instantly 
to the slightest fluctuation in pressure. This equipment is a distinct 
addition to such precision instruments as are available for measuring 
low-pressure heads. 


* See “Report on Wind Tunnel Experiments in Aerodynamics,” by J. C. Hunsaker, 
and others. Page 12, et seq., published by the Smithsonian Institution, Washington, D. C.. 
Jan. 15, 1916 
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32. Description of the Gage.—The essential features of the gage 
are clearly shown in the illustrations (Figs. 34 and 35), from which 
it will be seen that a rigid base set on three leveling screws is used © 
to support two large glass bulbs, A and B, which are in communication 
with each other through an inverted U tube of peculiar shape. For 
maximum sensitiveness, it is important that in addition to the con- 
striction in the right hand leg of this tube, there should be an en- 
largement of the bore in the left hand leg at the plane where the 
liquids meet. The left. hand bulb, B, is rigidly attached to the base 
frame, but the right hand bulb, A, moves vertically up or down with 
the carriage to which it is attached. The motion of this carriage 
is controlled by practically frictionless guides which eliminate all 


Cross level Flexible rubber connectors 


Tube D 
y Tot 
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Fie. 35. PLAN AND ELEVATIONS OF WAHLEN GAGE 


Fig. 36. WAHLEN GAGE IN USE on A LEADER 
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back lash or side sway. This movement is under the positive control 
of a micrometer screw, reading to 0.001 inch direct, and takes place 
with a slight swivelling action of the joints in the right hand con- 
nector tube, H#. Pressures are communicated to the two bulbs at P, 
and P, through the flexible connectors on the top of each. 

Aleohol (0.8195) about half fills the bulbs and the U tube, and 
a little aniline dye gives a distinctive red color. The upper part of 
the U tube is completely filled with a clear kerosene and ligroin 
mixture so made up that its specific gravity is 0.0095 less than the 
density of the colored alcohol. 

The specific gravity of the alcohol, which should be saturated 
with kerosene and ligroin mixture, may vary from 0.8100 to 0.8300 
provided the kerosene and ligroin mixture is made up to a specific 
gravity about 0.0075 to 0.0095 less than the aleohol. In fact, ordinary 
kerosene (0.8043) may be used as the lighter liquid with complete 
success if the proper density difference is maintained as stated. 

In operation (Figs. 30 and 35), the gage is first balanced at zero 
with both pressure connections open. It is, of course, necessary to 
keep the gage always level, for which purpose the three leveling 
screws and the cross test-level are provided. This balancing is easily 
done by bringing the meniscus in the constricted side of the U tube 
(8mm. tube C) to a reference hair-line engraved near the center of 
the tube and then reading the micrometer. This zero setting can be 
accomplished (without using a miscroscope) to within 0.0001 of an 
inch of alcohol, equivalent to about 0.00008 of an inch of water. 
Pressure connections are then made at P, and P, and the movable 
carriage and its liquid bulb, A, so manipulated that the meniscus is 
brought back to the reference line on the U tube, C, and micrometer 
read again. In fact, by proper use of the stop cock in the connecting 
arm of the gage this meniscus is never allowed to move out of the 
constricted tube at all. The difference between the two micrometer 
readings when multiplied by the density of the alcohol gives the 
pressure head in inches of water. A final zero reading is always 
taken and must check with the original zero. As the density of the 
alcohol varies with its temperature a density-temperature calibration 
curve is used, and the gage may be enclosed in a glass case where there 
are drafts, as shown in Fig. 36. The curve is plotted from densities 
obtained at various temperatures to within 0.1 per cent with a Westphal 
specific gravity balance. 
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The micrometer screw has a free movement of 34 inch, hence a 
pressure difference as great as 34 inch head of alcohol may be 
measured. 


33. Method of Filling the Gage—The glass ware and rubber 
tubing must be chemically clean before filling, and the rubber nipples 
must be unaffected by alcohol. 

The liquids are put into the gage as follows: the red alcohol 
is put in first so that it fills the inverted U tube C entirely, all the 
connections and about one third the bulbs (Fig. 35; a small glass 
tube with a small rubber tube about four or five inches long is put 
down the left hand bulb so that the rubber tubing curls around the 
bottom stem of the bulb, and around the left hand bottom bend of the 
inverted U tube; a small glass funnel is connected to the glass tube 
and the kerosene mixture is slowly poured in; it runs down the 
glass tube through the rubber tubing (controlled by pinch cock) 
into the inverted U tube where it displaces the aleohol which flows 
into the bulbs; at the proper time the stop cock is opened a little to 
flow the mixture evenly into both legs of the U tube to the level 
of the cross hair on the constricted tube; when the right amount 
has been added, the glass and rubber tubing is withdrawn and aleohol 
is added to the two bulbs to make them about half full, and bring the 
four aleohol levels to the elevation of the cross hair in the constricted 
tube. 

A thousandth of an inch movement of the micrometer screw moves 
the meniscus about a sixteenth of an inch. The movement of the 
meniscus may be adjusted to be greater or less, by adjusting the 
difference of the specific gravities to be greater or less than 0.0085, 
which was found to be about the ‘‘happy medium”’ for ordinary work. 

It will be evident from the preceding statement that, as there 
has been no movement of the measuring liquid, no corrections are 
necessary for capillarity, viscosity, variations in bore of tubes, or 
conditions of glass surface. The sensitiveness of the gage depends, 
first, upon the relation between the areas of the constricted tube and 
the large cross section of the bulbs, secondly, upon the viscosity char- 
acteristics of the two liquids and the small density differential, and 
thirdly, upon the fact that the constricted part of the U tube is very 
short. All other connections are large and free. A standard ma- 
chinist’s precision micrometer forms the measuring element of the 
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gage ensuring a high degree of accuracy within the range of measure- 
ment. 


34. Use of the Gage with Pitot Tube-—The gage may be used 
as a direct reading instrument in connection with a Pitot tube for 
measuring and studying the velocity of outflow of air at the end of 
a pipe or at a register face. In this case, only one pressure tube con- 
nection is necessary and the measured head is the velocity head. It 
is also possible to use the gage for measuring velocity heads or 
pressures within a pipe, so long as the maximum velocity head or 
pressure at the section does not exceed the limit of the gage, which is 
about 34 inch head of alcohol. 

A typical series of measurements of this latter sort is shown in 
Fig. 27 in which the flow of air in a 10-inch diameter pipe has been 
measured. In order to do this, the area of the pipe was divided into 
5 equal concentric rings and the velocity head measured at the mid- 
diameter, on two diameters, of each ring. The readings on the vertical 
diameter only are shown for a mean velocity of about 16 feet per 
second. It will be noticed that there is a marked variation in velocity 
across the section and that the maximum velocity is not at the center 
of the pipe by any means. The arrangement of the apparatus is 
shown in the upper left hand corner of Fig. 37, and it will be evident 
that the connections are so made at the reading station that the 
Wahlen gage records only the velocity pressure. The total pressure 
in the pipe is read by the Pitot tube, but as this includes the static 
pressure at the section, a second connection is made to the sides of 
the pipe and the static pressure is admitted to the other bulb of the 
gage. In this way, the gage is made to indicate only the velocity 
pressure at the point of the Pitot tube. 

The computations for the true mean velocity in the pipe are 
readily made by use of the hydraulic formula for flow of fluids as 
follows: 


V = V2gH 
V = velocity in feet per second. 
g = 82.16 ft. per second per second, acceleration of a freely fall- 
ing body under attraction of gravity alone. 
H = head in feet of air at density of air flowing in pipe. 
Since the head is being measured in inches of alcohol and not in feet 


Pere 
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of air, certain additional factors must be introduced to transform the 
head in inches of alcohol into feet of air. 


hak 
nap 
d = weight of cu. ft. of air at temperature and pressure in 
pipe. 


h = inches of alcohol. 
a = specific gravity of alcohol (water 1.0 at 60 deg. F.) at 
temperature of gage. 
k = weight of cu. ft. of water at temperature of 60 deg. F. 
12 = inches in one foot. 
The practical equation of actual use then becomes: 


y= «| 2aha 
12d 
Moreover, as usually only the mean velocity V,, is desired, it is 
necessary to average the sum of all the velocity readings to get Vm. 
This is done, for say n readings, along any one diameter (Fig 27) as 
follows: 


ae ery ee LO Ve 
n 


Vin 


or 


Vn = | 200k, (VTi + Vig + Vig ...to Vig) 
12d n 

in which, 

Vn = mean velocity in ft. per. second. 

h,, hz, h,, ete. =the heads in inches of alcohol as read. 

n number of readings taken in the traverse. 

It will often be found convenient to establish a relation between 
the velocity at the center of the pipe and the mean velocity. This 
relation is easily expressed : 


Views \ Rm 
aie Nt, 
C ratio of mean velocity to center velocity, 

Vm = mean velocity in feet per second as already stated, 
¢ = velocity at center of pipe in feet per second, 


hm = mean velocity head, determined from h,, hz, hz, ete., 
he = velocity head at center of pipe, 
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and ranges from 0.90 or less to almost 1.0, but varies with size of 
pipe and velocity of flow. 

These measurements are usually made to determine the weight of 
air flowing per hour, and it is possible to express the result directly 
as follows: 


W,, = CV,Ad X 3600. 


aoe §: 2gh,ak 
12d 


= NONE A A x 3600 | 


The factors in the bracket can readily be expressed as a constant 
for any given test since k = 62.40, g = the acceleration due to gravity, 
and A = the area of the pipe in sq. ft., do not change for a given 
position on the earth or for a given diameter of pipe. The other values 
must be obtained for each velocity measurement and have already 
been described in the preceding. The value of d, or density of air, 
is found for dry air as follows: 


P 

d= 53.357 

d—weight of 1 cu. ft. of dry air. 

P = pressure in pounds per sq. ft. 
(barometer reading in inches < 0.491 = pounds per sq. in.) 

T = absolute temperature of air flowing, or Fahrenheit tempera- 
ture + 460. 

53.35 = a constant for dry air. 


Ad X 3600. 


30. Use of the Gage with Orifice Plate—The gage may also be 
used with a calibrated orifice placed in a pipe line (Figs. 30 and 38) 
to measure the pressure drop or loss due to the orifice, from which the 
amount of air flowing through the orifice at the given temperature and 
pressure in the pipe may be readily determined by reference to 
calibration curves. Such curves (Fig. 33) are given for a 5-inch 
diameter pipe, and an orifice plate of the dimensions shown. ‘This 
method of measuring air flow is quite commonly used, but it is most 
important that each orifice should first be calibrated for each pipe 
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diameter by means of a separate testing plant equipped with reliable 
apparatus. For a method of doing this calibrating work for air at 
atmospheric pressure and for a rate of flow not exceeding 100 pounds 
per minute see Section VIII. Not only must the original calibration 
work be accurately carried out, but the pressure tubes. must be in- 
serted before and after the orifice in exactly the same manner and at 
the same distances as in the original calibration test. (See dimensions 
in Fig. 38.) 


36. Use of the Gage in Calibrating Anemometer.—It is not 
always convenient to use a Pitot tube and Wahlen gage in pipe lines 
carrying air, and sometimes the measurement can only be made at 
a register face. Moreover, the velocity at the register face is often 
very low, especially over certain parts of the face. This means that 
a very sensitive ‘‘field’’ instrument must be used as an indicator, and 


Hole .04" Dian. 


Connecting tubes 


Micromanometer ft 


rae l eae 


Fie. 38. SEcTION oF PIPE WITH ORIFICE AND WAHLEN GAGE IN USE FOR 
MEASURING AIR 
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its readings translated into true ‘‘outlet’’ velocities. The grille 
work in a register is a disturbing factor, as it not only obstructs the 
area, but causes the air to ‘‘speed up’’ or increase its velocity as 
it passes through the open spaces between the grilles. The sum of 
these open spaces is known as the ‘‘free area’’ of the register, and it 
varies widely with different types. Hence, an instrument used in 
the plane of the grilles will show a higher velocity than one used either 
inside or outside of the grilles. Finally, any instrument will be 
affected by the temperature of the air passing the register face. 

As the result of much experimental work, it has been shown that 
a small (21% inch fan wheel) anemometer, fitted with jewel bearings, 
will duplicate its reading when made to traverse a plane one inch in 
front of and parallel to a register face, for any number of readings, 
well within 1 per cent, provided the quantity and temperature of the 
air are kept constant. This field reading is of no absolute value as 
it is affected by many factors, but if the anemometer can be calibrated | 
in advance under the identical conditions as regards air temperature, 
rate of flow, shape of inlet or outlet, and kind and size of registers 
that exist in the plant under test, it is a simple matter to measure the 
air delivery through a register. 

This calibrating work has been done in a special plant, (Fig. 37), 
always available in the furnace research work, in which heated air 
can be delivered at any desired temperature and velocity through a 
pipe of known area. This air is then discharged through a register 
face of the kind to be tested, with the anemometer in question used 
as the outlet measuring instrument. In its passage through the pipe, 
the air was accurately measured by Pitot tube or orifice with a 
Wahlen gage for reading pressures. 

Since the air must be heated, an electric resistance heater is 
placed at the inlet to the suction of a small fan and adjusted to give 
an outlet temperature corresponding to the actual conditions to be 
investigated. The fan discharges the air through a 5-inch diameter 
pipe, where it is measured by the Pitot tube or orifice with great ease 
and accuracy, as the velocity in the pipe is relatively high compared 
with the velocity through the free area of the register face. 

After the air passes the Pitot tube, it enters an enlarged and 
well baffled section connecting directly to a standard elbow which 
turns up into a register box fitted with a sidewall register, as shown 
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in Fig. 37. This register box and boot are, of course, duplicates of 
the fittings used in the equipment of the plant under test. 

It will be apparent that if the exact amount of air passing the 
Pitot tube is known, it is a simple matter to calculate the true volume 
and velocity of air leaving the register face. With the true velocity 
known it is now possible to calibrate the low velocity instruments, 
which are anemometers of the best obtainable type. Suitable cross- 
head guides are attached to the register frame and so arranged that 
the anemometer attached to the cross-head rod is forced to travel in 
a uniform and definite manner across the outlet air current at a fixed 
distance from the register face. As exactly similar guides and the 
same procedure are used on all registers in the plant under test this 
same anemometer is put through exactly the same cycle of operations 
in running a furnace test. 

In making the traverse, an initial reading of the anemometer 
dial is taken with the instrument in position No. 1 and a stop watch is 
started. The electric heater maintains the desired temperature, since 
it is most essential that the anemometer be calibrated at the tempera- 
ture experienced in the test. At the end of five seconds the instrument 
is moved to position No. 2, and so on through twelve positions, and 
the final reading only is then noted. In this way it is possible to 
average automatically the velocity of the outflowing air which, of 
course, does not flow out uniformly over the area of the face. If the 
original reading of the dial was 3820 and the final is 3979, the 
instrument indicates a velocity of 159 ft. per minute at the register. 
The anemometer will duplicate this reading within one per cent as 
often as it is desired to check its performance. By calculation from 
the reading at the Pitot tube, the true velocity was found to be 223 
ft. per minute, and hence for this particular set of conditions the 
anemometer reads too low by 64 ft. per minute. 

It is, of course, evident that it would simplify matters greatly 
if a series of calibrating tests were run in advance for each anemometer. 
A series of curves could then be drawn similar to the one shown in 
Fig. 37 from which true velocities at any register temperature could 
be found as soon as the velocity indicated by the anemometer on any 
test was known. It is most important to have the calibrating plant 
constantly available for checking the performance of any anemometer 
during any test. 
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X. Heat Losses FRoM A PIPELESS FURNACE 


37. Discussion of Heat Losses from a Furnace.—The loss of 
heat from warm-air furnace systems occurs in part by the radiation 
of heat from the hot surfaces, as well as by conduction and con- 
vection. These phenomena take place between the hot surfaces and 
colder air as explained in Section XII. Radiant heat becomes useful 
only when it is intercepted by bodies, which in turn give up heat to 
the air by conduction and convection. Radiant energy is not trans- 
mitted directly to dry air. To obtain the maximum heat energy from 
the furnace and connected piping, it is necessary not only to intercept 
the radiant heat, but also to insulate the exterior surfaces, and thus 
retain the heat so that the air in its passage through the furnace will 
absorb by conduction and convection the maximum amount of heat, 
and at the same time give up the minimum amount of heat when 
passing through the various pipes and fittings. 

Heat losses from warm-air furnaces are detrimental to the best 
efficiency of operation for two reasons, first, because of the actual 
loss in the heating value of the warm air, and secondly, because of the 
loss in motive head brought about by the drop in temperature of the 
air. 

This section deals with the various sources of heat loss from a 
pipeless furnace, and the effect of such heat losses on motive head. 
The force or head which produces the flow of air in gravity warm-air 
installations is determined by the difference in weights of the cold-air 
column on one side of the system and the hot-air column on the other. 
The greater the difference between the weights of these two columns the 
greater is the air handling capacity of the furnace.* Any loss of heat 
from the hot-air column results in an increased density or weight on 
the hot side of the system with the result that the motive head is 
decreased; likewise, any increase in the temperature of the air on 
the cold side of the system results in a lighter column of air on the 
cold side and a decreased motive head. The two cases are exemplified 


*See “Fuel Economy in the Operation of Hand Fired Power Plants.’ Univ. of Ti. 
Eng. Exp. Sta., Cire. 7, p. 55, 1918. 
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in practice by the piped furnace and the pipeless furnace. In the 
piped furnace, the motive head is decreasd by radiation of heat from 
pipes and casing; and in the pipeless furnace the head is decreased 
by the transmission of heat through the inner casing to the down- 
coming cold air. Heat losses must therefore be reduced to a mini- 
mum if the maximum air handling capacity is to be obtained. 


38. Radiation Losses from a Pipeless Furnace-——tThe tests 
herein reported were made for the purpose of estimating the radia- 
tion losses from pipeless furnaces, and determining the probable 
overall efficiency of the furnaces, after making due allowance for 
radiation of heat from the discharge register. This radiant heat, 
although effective in heating, is not measurable with the present equip- 
ment, and in previous tests has been included in the item ‘‘ Heat lost 


by radiation and unaccounted for.’’ The amount of this radiant 
heat can be estimated and readily included in the overall furnace 
efficiency. 


The tests used as the basis for this discussion were made on a 
pipeless or duplex register furnace, the same equipment as was used 
in pipeless furnace tests 1 to 12 inclusive (Table 1 and Fig. 9). It 
must be understood, therefore, that the following data are correct only 
for the equipment used and at the particular temperatures stated. 
However, they may be applied as an approximation to any pipeless 
furnace of the same type, over an ordinary range of temperatures. 

The determination of the radiation losses from the furnace was 
made by measuring the temperatures and areas of the various exterior 
radiating surfaces of the furnace, and calculating the losses, using the 
emissivity coefficients for the various materials. These. coefficients 
were determined on the special steam drum plant for measuring 
heat losses from various surfaces.* 

The accompanying sketch (Fig. 39) and calculation of areas 
indicate the manner in which the radiation losses were assumed to be 
distributed, and give the various temperatures as measured in test 
No. 9, December 9, 1920 (Table 1). The losses (Table 6) were as- 
sumed to oeceur through, first, the cast-iron furnace front, secondly, 
the lower casing exposed to direct radiation from the fire-pot, thirdly, 
the upper casing indirectly heated, fourthly, the concrete floor, and 
fifthly, the open register face. Temperatures of the radiating sur- 


* See “Emissivity of Heat from Various Surfaces.’’ Univ. of Ill. Eng. Exp. Sta., 
Bul. 117, 1920. : 
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TABLE 6 


EsTIMATED RADIATION LOSSES FROM A PIPELESS FURNACE 


= 


Loss Expressed 
Location of Surface pies bo as Per Cent of 
Pp Total Loss 

From furnace front. 5s.5x.<00s/s.<w acest estrone, «siebialers al cient oe 5700 48.30 
Brom conorébte: Moor.) ciciéjieie clare cere eainis a aim Rie ete ten eae 3120 26.50 
From lowerieasing below shield .i5. 3 6). i204 ge00 00cabevloue nee 830 7.05 
From: Upper Casing ).55.2 cule asain es oes See eae 2140 18.15 
Lota Dome). isieisis,ahe sic arstatevtrate ea oe are Bate chee ee ae 11 790 100.00 


Radiation useful in heating, 
33 per cert of total hear 
developed. 


Indirect Radiation: 
Area 947 sg ft 
Per cent of to- 
ta! heats 1/0 
--> 
Radiation 
trom front: 
Area lé 59. ft.— Direct Radiation: 
Per cent of rota SS == SArea 142 :5q./1t 
heat developed === Fer cent of total 


1S 292 


nt 
jvit 

radiation through floor: 
Area 2.35 sq. tt-Fer cent of tota/ heat developed 1s 160 


Fig. 39. DIstTRIBUTION oF RADIATION Losses rrom PIPELESS FURNACE 
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faces were measured by thermometers attached with putty or plaster 
of Paris. In the case of the concrete floor, a special problem was 
involved. Since the floor was 10 inches thick it required several hours 
to heat. In this case six thermometers were attached to the underside 
of the floor. Readings of the thermometers were made every half hour 
during the test (No. 9, pipeless furnace) and the readings averaged 
and plotted. The accompanying ‘‘Heating Curve’’ (Fig. 40) rep- 
resents these temperature measurements, and indicates that at 143 
deg. F. the temperature of the floor became constant, and that the 
emission of heat continued thereafter at a constant rate. 

No account was taken of the fact that some heat was dissipated 
by conduction in the 10-inch conerete floor. This heat was carried 
away in the floor and gradually heated it in a wide circle surrounding 
the furnace. The actual extent of this unaccounted-for loss was not 
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Fig. 40. TEMPERATURE CURVE FOR CONCRETE FLOOR UNDER A PIPELESS FURNACE 
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considered to be great, as the floor temperatures surrounding the 
furnace did not increase appreciably. 

The determination of emissivity coefficients for the concrete floor 
and for the blackened cast-iron furnace front necessitated special 
emissivity tests. For these tests a drum covered with a 14-inch coating 
of conerete was used, and also a black iron drum painted with the 
same dull black paint as the furnace front. These drums were tested 
in the same manner as the specimens described in Engineering Ex- 
periment Station Bulletin 117, and the results are, therefore, com- 
parable with those of the previous tests. The data for these special 
tests of the two surfaces may be found in Figs. 48a, b and ¢, Specimens 
Nos. 28 and 29. Values of 2.08 and 2.20 B.t.u. per sq. ft. per hour per 
degree difference in temperature were found for the concrete and the 
black iron respectively. 


Per cent of total heat developed* lost by radiation 


_ 11790 x 100 | 
~ 195100 6.04 


Heat loss by radiation expressed as per cent of the heat put into air.* 


_ 11790 X 100 | 

*) 327660 eis vie 
Heat lost per pound coal burned, B.t.u. 

J VlITSO X LO 

"9 16a See 


Item 62 of pipeless furnace test No. 9 (Table 1) gives a ‘‘Radia- 
tion and unaccounted for loss’’ of 1966 B.t.u. per pound of coal 
burned. Of this loss, 772 B.t.u. have been accounted for. The re- 
mainder of the loss, 1194 B.t.u. per pound of coal burned, has been 
ascribed to useful radiation from the register face. 

The effect of the radiant heat issuing through the register face 
upon the heating capacity of the furnace was to increase the useful 
heat per pound of coal by 1194 B.t.u., or 8350 + 1194 — 9544 B.t.u. 
per pound of coal was useful in heating, and the efficiency then was 
increased from 65.3 per cent to 


9544 
72791 xX 100 = 74.6. 


*See Pipeless Furnace Test No. 6, Table 1. 
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This is an increase in efficiency of 9.3 percent over the value 
given in Pipeless Furnace Test No. 9. It represents the approximate 
amount which may be added to the efficiency, based on the heat carry- 
ing capacity of the air, in order to determine the true overall efficiency. 


Heat Loss Calculations used in Table 6. 


Cast iron front with black Pecora paint. 

K from test = 2.20 B.t.u. per sq. ft. per hr. 

Loss = 2.20 11.6 « (800-77) = 5700 B.t.u. per hr. 
Conerete floor exposed to radiation. 

K from test = 2.08 B.t.u. per sq. ft. per hr. 

Loss = 2.08 & 22.385 & (1438 — 76) = 3120 B.t.u. per hr. 


Casing exposed to radiation from fire-pot direct. 
K from Bulletin 117 — 1.33 
Loss = 1.33 & 14.2 & (120 —- 76) = 830 B.t.u. per hr. 


Casing not directly exposed to radiation. 


Loss = 1:38 < 94.7 (eee ~ 76 ) 


== 1.33 x 94.7 x (93 — 76) = 2140 B.t.u. per hr. 
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XI. Emissiviry or HEAT FROM VARIOUS SURFACES 


39. Previous Investigations—In May, 1919, it was observed in 
certain tests with a single leader pipe that a greater temperature 
reduction occurred in air passing through bright tin pipes covered 
with asbestos paper, such as are commonly used in furnace heating, 
than in air passing through the same bright tin pipes uncovered, all 
other conditions in the comparative tests remaining the same. It was 
therefore evident that the heat loss was greater through the asbestos- 
paper-covered pipes than through the same pipes uncovered. 

Because of the inefficacy of many of the present methods of in- 
sulating warm-air furnaces, it was evident that a complete study of 
various heat insulating materials, coverings, and surfaces would be 
justified, and such a study has been made and reported in an earlier 
publication. 

40. Significant Conclusions from Previous Investigations —The 
following significant conclusions appearing in the former bulletin* 
are deserving of special emphasis: 


(1) The use of thin sheets of asbestos paper on bright tin 
leader pipes results in a waste of heat. The use of thin sheets 
should be abandoned. 

(2) Uneovered bright tin pipes are more efficient carriers 
of heated air than asbestos-paper-covered bright tin pipes. See 
item (4). 

(3) This fact is true regardless of the degree of brightness 
of the tin surface. 

(4) No small number of applications of asbestos paper will 
suffice as an insulator. Several thicknesses are necessary to make 
a covering equal in this respect to the bare tin. 

(5) The accumulation of dust and dirt on the pipes does 
not greatly alter the amount of the loss. 


(6) The heat loss from warm-air furnace pipes covered 
with one layer of asbestos paper is an important item in the cost 


* “Emissivity of Heat from Various Surfaces.’’ Univ. of Ill. Eng. Exp. Sta., Bul. 117, 
1920, 


eee 
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of heating, amounting generally to more than 5 per cent of the 

coal consumption, depending upon the number and size of the 

pipes used. 

(7) The fact that pipes are partly protected from convec- 
tion currents of air by joists and studding does not greatly affect 
the loss. 

(8) Unless the insulating covering material excels the un- 
covered bright tin in heat insulation properties it should not be 
used. 

(9) Such materials are available and the tests have shown 
their merits. 

The apparatus shown in Fig. 42 was that used in the tests re- 
ported in Engineering Experiment Station Bulletin No. 117. It 
consisted of low-pressure-steam-heated drums, five in number, sur- 
rounding a central steam header from which the drums drew their 
supply of steam. The drums were uniform in size, ten inches in 
diameter by twenty inches in length and were made of sheet metal 
of the kind to be tested. Steam was condensed in the drums by the 
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cooling action of the air surrounding them, and the condensate was 
discharged through water seals connected to each drum. These seals 
were U tubes made of pipe, and were long enough to contain a water 
head of four feet. As the steam condensed, the seals filled with water, 
and the condensate then dripped over into receivers as fast as it 
accumulated. The water in the seals cooled to room temperature 
before it entered the receivers so that practically no evaporation took 
place from the surface of the water in the receivers. Each receiver 
was mounted on a small weighing seale accurate to one one-hundredth 
pound, 

The weight of steam condensed by a drum was an indication of 
the relative merit of the surface as a heat insulator. 


41. Specimens Tested—A complete list of the drums tested is 
given in Figs. 48a, 43b, and 43¢. In the list will be found a descrip- 
tion of the insulation or the nature of the surface, the actual area of 
the drum exposed to the steam, and a serial number assigned to the 
drum which will be useful in connecting the description with the 
results reported. 


42. Discussion of Results—The significance of the results of 
the tests may be best understood by a study of the information pre- 
sented in the diagrammatic chart, Figs. 43a, 43b, and 48ce. The heavy 
black bars afford a graphic comparison of the heat-emitting value of 
the various surfaces. Reference must be made to the descriptive list 
of drums in order to connect the data with the corresponding test 
specimens. The relative efficiencies of the various surfaces as heat 
insulators are given in the next to the last column of the chart. The 
coefficient of emissivity* for bright IC tin was used as the basis for 
this comparison. 

The results of these tests present very convincing evidence against 
the use of thin layers of asbestos paper covering on bright tin pipes. 
The heat loss was 62 per cent greater with one thickness of the paper 
covering a bright tin pipe than when the same pipe was left un- 

_ covered. The importance of this loss may be seen by the fact that 
it results in a waste of 5 per cent or more of the coal consumed in the 
_ average house furnace. 


* See “Emissivity of Heat from Various Surfaces.” Univ. of Ill. Eng. Exp. Sta., 
| 
’ Bul. 117, 1920. 
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Drum 


eae Description of Surtace 


/ !C tin, not insvlated, Lright 


/a Same as No! with ash dust sifted an ik deep 


1C tin with | thickness of 10-pound asbestos 
paper 
IC tin with 3 thicknesses of air-cell askestos 
3 : 
and / thickness of 10-pournd askhestos paper 


lCrin with 2 qgolications of GAY Patri, 
4 (of zirnc, linseed of, arid sithponre 
compositior) 


lC tin with | thickness of askestos paper 


Ss ond 2 qeplicarions of palrt, (No.2 arvrn 
with samme kind of paint as used of? No, 4) 
lC tin with thickness of air-ce/l asbestos 
6 and /thickress of 10 pound askhestos 
paper, (Na3 drum used) 
7 /C tin nickel plated and polished 


Galvanized (ror, No.28 US.S. gage 


Black iro, No. Z8US.S. gage, very rUSTY 


Surface and drvuin No? with 1X tin casing 
surrounding, with £ airspace ard with 
6 ¢vent holes cut in the casing 


Same as No./0 Lut with vents stopped 


askhestos paper and a surface of glaze 
Yinish printers’ prooving paper 


'C tindrutn No.4 with paint removed and a 
Aousing of compo-bLoard corstTucrio/7, 70 
represer fors’s, QU/l? around Same. 

Housing 8 deep by 14’ wide by 28 long 


[CYin(drum Ne!) coated with Bakelite lacque 


lC tin run No.2) With / thickness of 10-pourd 


SSF 
SIF 


FIZ 


550 


5.5/ 


5.52 


S50 


SSF 
5.50 


S52 


5.5/ 


Fig. 48a. DragRAMMATIC TABLE OF ONE HUNDRED 
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Same as 0.10 but with the air-space packed 
with ary S17 askhestos cemert 


/C tin with @ thicknesses of /2-pourd 
asheslos Paper 


lC tin(drvun N02) with 3 thicknesses of 
l2-pound @shestos QPECr 


Golvan/zed (ror (drvin No.8) with 3 thickness- 
es Of ar-cel/ asbestos ard / of l2Q0UlNa 2Q0CT 
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The fact that the heat loss from warm-air pipes of a furnace sys- 
tem is of some magnitude is not generally appreciated. A considerable 
part of the heat in the air flowing through the pipes of the average 
installation is dissipated from the pipe surface and received by sur- 
rounding air and nearby objects. Fig. 41 shows the results of tests 
made to determine the amount of this loss. The tests were made on 
a single leader pipe furnace,* (Fig. 50) in which the quantity of air 
handled and the heat added to the air above the entering temperature 
could be readily ascertained. The heat loss was calculated from the 
drop in temperature of the air in its passage through the pipe. The 
temperatures and velocities indicated by the curves are representative 
values. 

In order to demonstrate the inefficiency of thin layers of asbestos 
paper as a heat insulator, tests were run in which the number of 
thicknesses of paper was increased until the heat loss became less than 
the loss through a bare bright tin specimen. The curve (Fig. 44) 
gives the results of these tests. Eight thicknesses of twelve-pound 
asbestos paper were applied before the desired result was obtained. In 
these tests the moistened paper was wrapped tightly around and 
shrunk on the drums so that only a small quantity of air was entrapped 
between the successive layers of paper. The unpractical features of 
such a method of insulating are, of course, evident. The use of thin 


* See ‘Report of Progress in Warm-Air Furnace Research.’ Uniy. of Il. Eng. Exp. 
Sta., Bul. 112, 1919. 
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layers of asbestos paper on bright tin pipes should be abandoned 
if the best results are to be obtained in furnace heating. 

Values of the coefficients of emissivity K are given in the charts 
(Figs. 48a, 43b, and 43c). To use these data for the determination of 
the approximate heat loss from a pipe, it is necessary to multiply 
the value of K for the surface in question by the surface area of the 
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pipe exposed, and then multiply by the difference between the tem- 
perature of the surface of the pipe, t;, and that of the air outside the 
pipe, ta, or, 
B.t.u. loss per hour = K X Area in sq. ft. X (4, — ta) 
The results of the steam drum tests have been corroborated by 
results obtained on other apparatus.* 


* See “Emissivity of Heat from Various Surfaces.” Univ. of Ill. Eng. Exp. Sta, 
Bul. 117, 1920. 
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XII. Heatine SurFAcE 


43. Heating Air by Hot Surfaces—When a hot surface is sur- 
rounded by cooler air, the surface loses heat in three ways, namely: 
by conduction, by convection and by radiation. Each particle of air in 
contact with the surface becomes warmed, and transmits some of this 
heat to the next particle of air with which it is in contact. This in turn 
transmits the heat to the next particle farther out, and if the air re- 
mains at rest relative to the surface, the whole mass of air will ulti- 
mately become warmed. This process is known as conduction. Air 
is a poor conductor of heat and if it is moving over the surface, 
very little of it, except the layers just next the surface, become 
heated by this method. 

For the purpose of heating air, the process called convection is 
by far the most effective. In this process the particles of air touching 
the surface become heated and then move out into the cooler mass of 
air which is not touching the surface. At the same time they are re- 
placed by particles which come from the cool mass of air and take 
their place touching the surface. In other words, currents are set 
up in the mass of air, and these currents constantly bring the cool 
particles of air into contact with the surface, where they are heated 
by contact. The amount of heat received in this manner is limited 
only by the rapidity with which the air can be kept in circulation and 
fresh portions of it brought into actual contact with the hot surface. 
For this reason surfaces so arranged that the air must impinge upon 
them are more effective than those surfaces over which the air must 
move parallel to the surface. In the latter case the air becomes 
stratified and heat can reach the outer layers by conduction only, 
and conduction is not very effective. 

A hot surface constantly emits heat rays in just the same manner 
as a luminous surface emits light rays. The heat rays obey laws 
similar to those for light rays. This process is called radiation. The 
invisible heat rays travel in straight lines, and pass directly through 
dry air without warming it. If these rays, however, strike some body 
which is not transparent to them, they warm the body. The addition 
of water vapor to the air renders it slightly less transparent to radia- 
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tion, and humid air will be slightly warmed in this way. At the 
relative humidities found in warm-air furnaces, this effect is very small 
and may be disregarded. The amount of heat given off by radiation 
is dependent on the temperature and the nature of the surface. Dull 
surfaces, like cast-iron, will emit much more heat than bright ones, 
like polished nickel or tin. The emissivity of different surfaces has 
been discussed in Section XI. According to the Stefan-Boltzman law 
the amount of heat received by radiation varies directly as the dif- 
ference between the fourth powers of the temperatures of the radiat- 
ing body and the body receiving the radiation, and inversely as the 
square of the distance between the two bodies. This is true only for 
black bodies. 

In the warm-air furnace, the heat given off from the castings by 
radiation is a total loss unless it can be saved by indirect methods. 
This may be done by interposing a shield in such a way that it re- 
ceives the radiation and becomes warmed. The air may then be made 
to pass over this shield, coming in contact with it and in turn taking 
the heat from it by convection and conduction. The furnace casing 
serves to intercept part of the radiant heat and to give this heat back 
to the air. An additional saving can be made, however, by placing 
another shield inside of the casing and around the fire-pot. From 
the preceding discussion it will be evident that this shield will be 
most effective if it is made of some material like black iron and placed 
as near the hottest portions of the castings as is practicable. 

Equipment has been installed to investigate the value of such 
shields, but no report can be made on this subject at present. 


44. Temperature of Heating Surfaces—The method used for 
the determination of the temperature of the metal of the castings for 
the pipeless furnace, together with the location of the thermocouples 
has been given in Section VI. (See Fig. 25.) The results of the work 
on the temperature of castings are by no means complete, but certain 
relations appear to exist and are discussed in the following para- 
graphs. The results were obtained from two sets of tests on hard coal, 
one with the slots in the fire-pot closed and one with the slots open. 
Two tests with soft coal, one with slots open, and one with slots closed 
were also run. The first tests show that for a given temperature-rise 
for the air passing through the furnace the fire-pot temperature is 
approximately 70 degrees higher when the slots are closed than when 
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they are open. This indicates that the air taken in through the slots 
materially cools the fire-pot. The results of preliminary tests on soft 
coal indicate that the temperature of the fire-pot for a soft coal fuel 
bed is about 200 deg. F. lower than for a hard coal bed. Much more 
work must be done on the temperatures for soft coal fires before rigid 
conclusions may be drawn, but the few tests run seem to justify this 
conclusion. 

The tests so far completed also show that the mean temperature of 
the radiator for the hard coal fuel beds with closed slots in the fire-pot 
is approximately 87 degrees higher than it is with the slots open. 
Relatively, the decrease in temperature of the fire-pot with the addi- 
tion of air through the slots is greater than the decrease for the 
radiator, which seems to indicate that with the introduction of air 
over the fuel bed the combustion in the zone above the fuel bed is 
increased and this tends to increase the temperature of the radiator. 
For the soft coal tests, the radiator temperature as a whole was not 
very different from that for the hard coal tests, and therefore about the 
same temperature difference was observed in the radiator temperatures 
with the slots in the fire-pot closed and open respectively. 

The results further indicate that, for a given temperature-rise in 
the air passing through the furnace, with a hard coal fire the tem- 
perature of the castings, as a whole, is higher for a fire-pot with the 
slots closed than for one with the slots open. It is also evident that 
the temperature of the castings is higher for a hard coal fire than for 
a soft coal fire. - The relation existing between fire-pots with slots open 
and with slots closed for hard coal fires holds also for soft coal fires. 
For any particular furnace, and for a given temperature-rise, all 
other conditions remaining the same, the castings will therefore give 
off a greater amount of heat in a unit time for a hard coal fire and a 
fire-pot with the slots closed than they will for a hard coal fire and 
a fire-pot with the slots open, or for soft coal fires under any condi- 
tions. The higher temperature with hard coal will cause greater ra- 
diation of heat which, of course, will be lost unless surfaces are inter- 
posed for the purpose of intercepting it, and the air is caused to 
pass over these surfaces to collect the heat. 

This increased radiation loss does not account for all the addi- 
tional heat available due to the higher temperature of the castings. 
Hence the air circulated must receive part of the additional heat. 
If the temperature-rise is the same in both cases, the only possible 
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way for the air to carry more heat in the case of a higher fire-pot 
temperature is for a greater weight of air to be circulated. A greater 
capacity is therefore to be expected from a hard coal fire, and an 
unslotted fire-pot, than from the slotted fire-pot, or from soft coal 
fires. That this is true may be shown by a study of Table 7. 

In this table, the capacities for pipeless tests 10, 11, and 12, rua 
under the conditions indicated, have been listed. At the corresponding 
temperature-rise, or equivalent register temperature, for each test, 
the capacity taken from the performance curves of Section IV has 
been listed. The performance curves were obtained when the furnace 
was operated with a hard coal fire and a fire-pot with the slots closed. 
In, each case it may be seen that the capacity is less for the fire-pot 
with the slots open and for the soft coal fire than for the hard coal 
fire and the fire-pot with the slots closed. 

The ratio of the mean temperature of the radiator to the mean 
temperature of the fire-pot is also given. As the temperature of the 
fire-pot decreases the capacity also decreases. It may also be seen 
that the capacity decreases as the ratio increases. This ratio ap- 
parently increases when increased combustion occurs above the fuel 
bed, as it does when air is admitted above the fuel bed or for the 
soft coal fires. In the soft coal fires more combustion takes place 
above the fuel bed than for hard coal fires, due to the larger volume 
of volatile combustible given off from the soft coal.~ This raises the 
zone of the mean temperature of the air between the air at the bottom 
of the furnace and at the register face. The weight of air circulated 
is a function of the difference between this mean temperature and 


TABLE 7 
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Ratio of 


Equivalent Cc mae 
apacity | Temperature 
Test No. Date Slots Temperature- Register Btu. 2 of Hadiaton 
Rise Temperature 
in Pot ests ag to Mean 
Temperature 
of Fire-Pot 
From curve Closed 138.6 0.672 
10 1-28-21 Open 138.6 0.703 
From curve Closed 139.5 0.672 
1 1-31-21 Closed 139.5 0.825 
From curve Closed 140.1 0.673 
1 2-3-21 Open 140.1 
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the temperature of the air outside the furnace casing, and of the 
effective heights of the warm air columns inside and outside the 
easing. Since the temperature-rise has been assumed constant for 
all this discussion, the difference between the mean temperature 
inside and outside the casing must also remain constant. Therefore 
the factor affected must be the effective height of the air columns 
causing the flow, and apparently raising the height of the zone of 
mean temperature within the casing must have the effect of shortening 
the effective height of the air columns and thus of reducing capacity. 

From Table 7 may be gained some idea of the relative value of 
the heating surface. When combustion takes place higher up in 
the furnace the temperature of the upper surfaces is increased but 
relatively the temperature of the lower surfaces is decreased to a 
greater extent as indicated by an increase in the ratio given in the 
table. The net result is a decrease in capacity. It therefore appears 
that the value of the lower surfaces is much greater, and that every 
attempt should be made to have the air arrive at the bottom of the 
inner casing as cool as possible, to have the lower heating surfaces 
arranged as effectively as possible, and also to prevent their being 
cooled so that the air may receive its heat at as low a plane in the 
furnace as is practicable. Any attempt to prevent the radiation loss 
at this point by the interposition of extra surfaces to receive the radia- 
tion and to give back this heat to the air coming in contact with them 
will be effective, if the internal frictional resistance of the furnace is 
not materially increased by the additional surfaces. 

The surfaces which are heated by contact with the burning 
fuel or by the burning gases above the fuel bed are known as primary 
heating surfaces. The surfaces which are interposed to be heated by 
intercepting radiation and in turn give this heat to the air by con- 
tact are known as secondary heating surfaces. At present no work 
has been done to determine the relative value of the two types of 
surfaces. The primary surface can also be divided into direct and 
indirect surfaces; the former includes any surface on which the fire 
‘“shines,’’ while the latter includes those surfaces which are heated 
only by the flue gases. These indirect surfaces do not ‘‘see’’ the fuel 
bed at any point. 

In Fig. 45 is given a curve showing the relation between the 
temperature difference between the flue gas and the air at the register 
face of the pipeless furnace, and the temperature difference between 
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the flue gas and the temperature of the metal in the radiator.. In 
Fig. 46 is given a similar curve showing the relation between the 
temperature difference between the flue gas and the air, and the total 
drop in temperature of the metal in the radiator from the point at 
the center of the dome to the point where the gases leave the furnace. 
These curves serve to visualize the fact that the temperature difference 
between the flue gas and the temperature of the metal in the 
radiator is from 100 deg. F. to 350 deg. F. and that the total drop 
in the temperature of the metal of the radiator is from 225 deg. F. to 
275 deg. F. 


45. Effect of Increasing Velocity of Air over Heating Surface. 
—Results in practice indicate that the efficiency of the heating sur- 
faces may be increased, and the capacity of a furnace materially 
raised, by the use of a fan to give positive circulation of air over 
the surfaces. The question of how much air can be forced over the 
heating surfaces of a given furnace before it begins to blow through 
the system without receiving much heat has been a source of con- 
siderable speculation. It is proposed to investigate this whole prob- 
lem by the use of a fan in the recirculating duct of a piped furnace. 
In the meantime, in order to arrive at some preliminary conclusions 
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in regard to this question, a few tests have been run, making use 
of the calibrating plant for the pipeless furnace for forcing the air 
through this furnace. The air was delivered into the outer casing 
at a point above the bottom of the inner casing so that short-cireuiting 
was reduced as much as possible. A special plate was clamped down 
on the cold-air register face in the same manner as when the plant 
was used for calibrating. The velocity of the air at the warm-air 
register face was measured with an anemometer. In making an 
observation for any given velocity, the fan speed was held constant 
and observations were made of the temperature at the register face. 
When this temperature had become constant, readings were taken for 
a period of 30 minutes or more to insure that the temperature 
remained constant. At the same time traverses were made with the 
anemometer. From the readings taken during the 30 minutes the 
weight of air and the capacity of the furnace in B.t.u. were calculated. 
In Fig. 47 the capacities of the furnace in pounds of air per hour 
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when operating on the forced circulation and when operating on the 
natural circulation, respectively, are plotted against equivalent 
register temperature based on 65 deg. F. inlet. The limit of the 
fan was reached at a capacity of 10 200 pounds of air per hour. At 
this capacity it was possible to maintain an equivalent register tem- 
perature of 196 deg. F. The capacity of the furnace when operating 
on its own natural circulation at this register temperature was 3650 
pounds of air per hour. It has therefore been possible to increase the 
capacity, in pounds of air per hour, 2.8 times and still to maintain a 
register temperature comparable with the usual register temperatures 
for pipeless furnace work. 

In Fig. 48 the capacities in B.t.u per hour put into the air are 
shown for both natural and forced circulation. At an equivalent 
register temperature of 196 deg. F., it was found possible to force the 
furnace to a capacity of 328 000 B.t.u. per hour, and to maintain the 
register temperature. The corresponding capacity under natural 
circulation was 114000. It was therefore possible to increase the 
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capacity in B.t.u. 2.88 times. On natural circulation it was possible 
to increase the capacity from 114 000 to 204 000 B.t.u. by an increase 
in register temperature of 77 degrees; this is an increase of 1.8 
times. By using a fan and positive circulation it seems possible to 
increase the capacity of a pipeless furnace to from 2 to 3 times the 
capacity on natural circulation. It is doubtful, however, whether 
this could be done without objectionable noise. These experiments are 
preliminary to the investigation of the whole question of applying fans 
to warm air furnaces. 


46. Comparison of Fire-Pots with Open and with Closed Slots 
Respectively—tin Fig. 49 the performance of the pipeless furnace 
with the slots in the fire-pot open and with soft coal has been compared 
with the normal performance obtained with a hard coal fuel bed 
and a fire-pot with slots closed. All these tests were run with 
an equivalent register temperature of approximately 204 deg. F., and 
are therefore comparable. In the case of the hard coal fire with the 
slots in the fire-pot open, the capacity and efficiency were very materi- 
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ally reduced. This was due to the large amount of excess air drawn 
in through the slots. Under normal operation with the slots closed, 
the weight of flue gas per pound of coal was about 13.0 lb., while in 
this test it was 21.9 lb. The difference was due to excess air. In 
order to handle this excess the furnace required a draft of 0.17 inches 
of water, which was far in excess of the 0.10 inches required normally. 
This establishes the fact that the use of a slotted fire-pot is detrimental 
in the ease of hard coal fires. 

The advantages or disadvantages of the open slots for soft coal 
fires are not established. In order to do this it will be necessary to 
run a number of tests under both conditions; the performance curves 
may then be directly compared. At present the comparison with the 
hard coal performance curves is of doubtful value, due to the fact 
that the shape of the soft coal curves is probably different. If an 
efficiency curve is drawn through the point representing the efficiency 
for test No. 12, a soft coal test with slots in the fire pot open, paralleling 
the efficiency curve for the hard coal fire with the slots closed, it may 
be seen that the point representing the efficiency on test No. 11, a 
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soft coal test with the slots closed, falls below the curve so drawn, 
indicating that opening the slots has proved beneficial. This pro- 
cedure is rather doubtful, however, due to the fact that the soft 
coal curves may not have the same shape as the hard coal curves, as 
already suggested. <A study of the flue gas samples, however, indicated 
that for test No. 12, with the slots open, the excess oxygen in the gas 
was practically the same right after firing as it was at the end of an 
hour and just previous’to the next firing. This indicates that the 
volatile was constantly distilling from the fuel bed, and that it re- 
quired the air furnished through the slots at all times. Otherwise, as 
the coal ecoked and the volatile distilled became less, the gas samples 
would have shown more excess oxygen just previous to firing. From 
this standpoint the effect of the slots seemed to be beneficial. 

Further corroborative evidence in favor of the conclusion that 
the open slots were to some extent beneficial may be found from the 
fact that the ‘‘unaccounted for’’ loss given in item 64 in the results 
under Section IV was 32 per cent for test No. 11, in which the slots 
were closed, while it was but 22.9 per cent for test No. 12, in which 
the slots were open. The latter value compares very favorably with 
the hard coal tests for which the average ‘‘unaccounted for’’ was 
approximately 18 per cent. The 10 per cent excess for test No. 11 may 
be attributed to loss due to volatile hydrocarbons escaping unburned 

win the flue gas. The addition of air over the fuel bed completed the 
combustion of these hydrocarbons in test No. 12. 

These tests, however, were run under conditions which were most 
favorable to showing the slotted fire-pot to an advantage. For 
reasons stated under Section V it was found desirable to fire the coal 
in small amounts hourly. In this way the volatile was constantly 
being distilled from the fuel bed. Since it is only during the distil- 
lation period that additional air is required above the fuel bed, it is 
evident that extension of the distillation period over the whole firing 
period made the constant addition of air above the fire necessary. 
This air, of course, was supphed through the slots. If a large charge 
of coal had been fired and then allowed to coke, the slots would prob- 

| ably not have been so effective, since the air delivered by them after 

the distillation period, during the time the coke was being burned, 

- would have been in excess of that required and would have tended 

to reduce the efficiency. This is somewhat speculative, however, and 
no rigid conclusions can be drawn until further work has been done 
in this field. 
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XII. Auxmiary Puants ror Trestrneg Leapers, STACKS, AND 
REGISTERS 


47. Proportions for Leaders and Stacks—The auxiliary equip- 
ment used in tests of leaders, stacks, and registers, included the single 
leader furnace, the register grille plant, and the pipeless furnace plant. 
The single leader plant has been described in detail in former publi- 
eations.* The elevation (Fig. 50) shows the arrangement of the 
plant. The particular problem was the determination of the relative 


air-handling capacities of stacks of various cross sectional areas and 


shapes. Five stacks were tested and the dimensions of their sections 
are given in the figure. The method of testing consisted of connecting 
each leader, in turn, to the boot at the end of the 10 inch by 10 foot 
leader pipe and running tests over a range of furnace temperatures 
and velocities. The velocities were measured at the register face in 
accordance with the standard method employed in all the furnace 
tests, by means of a calibrated anemometer. These velocities were 
used to calculate the weight of air flowing through the free area 
of the register. The temperature difference between register and 
inlet air was maintained in all cases at approximately 79 deg. F. 
Table 8, following, furnishes data on the results of the tests. 


TABLE 8 


SumMARY OF Data on TESTS OF FIVE Sracks 


Relative Air 


Relative Aron Capacity Leader 


Tes Stack Shape or Ratio Area and Stack 
No. Dimensions of Sides Sq. In. eae cece Compared & 
est No. 
Per Cent 
1 10 in. dia. round Round 78 100 100 
2 12% in. wide 2tol 78 100 94 
614 in. deep 
3 1734 in. wide 4tol 78 100 93 
434 in. deep ‘ 
4 13 in. wide 3tol 57 73 90 
434 in. deep 
5 13 in. wide 41 tol 39 50 74 
3 in. deep 


* See Bulletins 112 and 117, Univ. of Ill. Eng. Exp. Sta.. 1919, 1920, 
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The last two columns of the table contain the significant data. 
A stack of narrow cross section of 4 to 1 proportions had only 93 
per cent of the air-handling capacity of the round stack although 
both were of equal area. However, a stack of 73 per cent relative area 
showed 90 per cent relative air-handling capacity, and a reduction 
to 50 per cent area only lowered the capacity to 74 per cent. These 
data indicate that stack capacity is dependent upon both the relative 
area and the shape of the stack cross section. 


48. Losses in Register Grilles—A special plant for testing 
register faces to determine the frictional loss through the grilles for 
a number of sizes and relative free areas of registers has been con- 
structed, and preliminary tests have been made, but no final data are 
available for this report. 

On the pipeless furnace plant, a test was made to determine the 
effect of grilles upon furnace capacity. Data for this test are given 
in Table 1, tests Nos. 7 and 9. The tests were made on a duplex cast- 
iron register 40 inches by 40 inches outside. The outlet register grille 
was of the removable type and had a discharge throat 29% inches in 
diameter. A bar carrying the center bearing for the anemometer car- 
riage extended across the open discharge outlet and reduced the area 
from 4.72 square feet to 4.65 square feet. Careful measurement of the 
openings in the grille showed a total free area of 2.83 square feet. 
Thus the percentage of free area of the register grille was 100 x 2.83/ 
4.72, or 60.8 percent; this is a comparatively low percentage. 

The method of testing consisted in running two tests at a fixed 
air temperature-rise through the furnace, but varying conditions by 
removing the register grille in one case. By calibrating the ane- 
mometer against the Wahlen gage and Pitot tube over both the open 
and the grilled faces the loss in air-handling capacity was readily 
determined. The calibration curves for the anemometer were plotted, 
as shown in Fig. 13, and then the average anemometer reading for 
each test was referred to the curves, and the difference in the weights 
of air ascertained. In comparing the weights of air taken from the 
curves, it was necessary to make slight corrections because of the 
fact that the temperature-rise through the furnace in the two tests 
was not the same. This correction was made in the calculation for 
the weight of the air as determined by the Pitot tube, and its amount 
appears in Table 9, which contains the complete results. Tests at 
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only one velocity of discharge, 6 ft. per second, were made, but the 
results were considered accurate for any ordinary range of register 
velocities. 

Comparing the corrected weights of air as given in the table, it 
is evident that the per cent loss due to the grille was 

3855 — 3740 

SS aghsn LO = O77, 
which was the percentage loss in weight or volume of air flowing 
through the furnace. The heating capacity of the furnace operating 
with a grille of 60.8 per cent free area was correspondingly reduced. 
See tests Nos. 7 and 9, Table 1. 

This loss proved so small that it has been concluded that losses 
due to grilles in pipeless furnaces are not important factors in fur- 
nace design. This statement does not mean that correct proportions 
between cold-air inlet area and warm-air outlet areas are of no con- 
sequence. It only means that in the typical pipeless furnace the 
actual free area of the hot air grille is not of great importance unless 
made less than 60 per cent of the outlet register opening. 


TABLE 9 


Resuuts oF REGISTER GRILLE Loss TESTS 


BEOES Eeeo Nb aia Pe mete lov etal eters ohe(ataient oi 3 UR PID alelom tetas eine le clare fp eboderacdutn etsart. clmevel 1 2 
REECE MeO NTL ee Sats ner 8 atta ae at noe ciel hass GIS ake uko aparece amiline ot cae Grille Open 
PATI PeSrAbUye-YISG: My LUN ACE aiid: 2%. face, als oie a eters aie oS e/Sie a'r sagdhtmlloans ceniowas 140.2 137 
HATOIMELOT acre cekyacrs nahali<. Cayenne A tah arare egarel sianate wind Pot oe MOET 29.08 29.35 
Weight of air corresponding to anemometer reading of 240.................. 3740 3840 
Correction due to temperature difference. ...........ce cece eee cceereecees 1.00 1.002 
NVeightiarr per HOUT; 11; \CODTOCLE cts seyclnathibiens fall Ue oti sok cseed Gilalsinerele ceere 3740 3855 
Agr at register temperature, Ib. per OU. ft... o. c cc ane kee ween dines sa eaes .0570 .0575 
MiGHIMIG OF Ai NANCION CUiLE, «2 drics o vicle totoecaceh ner leeks avacsieleniene rane acetone 65 600 67 000 
ERGRUE RGM EU EL Ucar ra ere Cicha cor cceieruiaiel Mtot aaitoha G ecauene ientile ols occa suse dctetod ts, ais 2.83 4:65 
2.83 


Ratio of free areas = X 100 = 60.8 per cent. 


4.65 
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APPENDIX 
Tr ORGANIZATION OF THE FURNACE RESEARCH STAFF AND THE 
ADVISORY COMMITTEE 


The agreement between the University and the Association pro- 
vides for a staff of at least two full-time research associates and one 
half-time research assistant, who shall be under the direction and 
supervision of the Engineering Experiment Station. The agree- 
ment also provides for an Advisory Committee on Furnace Research 
appointed by the President of the Association. This committee meets 
in conference with the Furnace Research Staff, as occasion may demand, 
for the consideration of new subjects to be listed in the program of 
investigation, a review of the work accomplished, and a discussion of 
any matters affecting the scope of the investigation. 

It has been found very difficult to assemble and maintain a 
complete research staff for carrying on this work. Changes in per- 
sonnel are matters of serious consequence, as the loss of an experi- 
enced investigator in research work may mean a delay of months ~ 
before a new man can become properly acquainted with the work, and 
develop the necessary testing technique to secure reliable test data. 

The personnel of the research staff from the time the investigation 
was started in October, 1918, to April 1, 1921, is given in the 
following: 

FurRNACE RESEARCH STAFF 


C. R. RicHarps..... Dean College of Engineering, and Director 
Engineering Experiment Station. 

A. C. WiuuaRD...... Professor Heating and Ventilation, and Head of 
Department of Mechanical Engineering. 

A; Po KRATzioee.., Research Assistant Professor. 


S. L. Srmmerine*.. Research Associate. 
F. G. WAaHLENt.... Research Graduate Assistant. 


VaADpADAYO aehuen Research Assistant and later Research Associate. 
W. E. Prarr®...... Special Investigator and Research Associate. 

C. Z. Rosecranst....Research Graduate Assistant. 

C. G. BRAaDLEY..... Mechanician (half-time). 


* Professor Simmering resigned March 31, 1919. 
Mr. Pratt resigned December 1, 1919. 
+ Mr. Wahlen and Mr. Rosecrans are connected with the work only during vacation 
periods. 
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At the present time Professor Kratz and Mr. Day are devoting 
their full-time to this work; and they are assisted by Mr. Bradley, on 
half-time. 


ApvVIsoRY COMMITTEE ON FURNACE RESEARCH 


The personnel of the Advisory Committee has been changed some- 
what since the investigation was started{ and its present organization 
is given in the following: 

P. J. DougHerty, Chairman, Heating Engineer, International Heater 

Co., Utica, N. Y. 

E. S. Moncrier, Vice President, Henry Furnace and Foundry Co., 

Cleveland, Ohio. 

EK. B. LANGENBERG, Secretary and Treasurer, Haynes- Tetentete 

Mfg. Co., St. Louis, Mo. 

JOHN Kercu, Pres. and General Mer., 20th Century Heating and Ven- 
tilating Co., Akron, Ohio. 
F,. W. Puewprs, 2nd Vice Pres. and Treasurer, Moore Bros., Joliet, 

Illinois, 


¢ “Report of Progress in Warm-Air Furnace Research.” Univ. of Ill. Eng. Exp. Sta., 
Bul. 112, pp. 57-58, 1919. 
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